
 This document gives pertinent information concerning the reissuance of the VPDES Permit listed below.  This permit is 
being processed as a Major, Municipal permit.  The discharge results from the operation of an 18 MGD wastewater 
treatment plant with future expansion to 24 MGD.  This permit action consists of updating the WQS and updating 
boilerplate.  The effluent limitations and special conditions contained in this permit will maintain the Water Quality 
Standards of 9 VAC 25-260-00 et seq. 
1. Facility Name and Mailing 

Address:   
H.L. Mooney Water Reclamation 
Facility 
PO Box 2266 
Woodbridge, VA 22195 

SIC Code : 4952 WWTP 

     
 Facility Location:  1851 Rippon Blvd 

Woodbridge, VA 22191 
County: Prince William 

 Facility Contact Name: Steve Bennett Telephone Number: (703) 393-2062 
     
2. Permit No.: VA0025101 Expiration Date of 

previous permit: 10/14/08 

 Other VPDES Permits associated with this facility: VAR051424, VAN010018 

 Other Permits associated with this facility: Incinerator Permit 71751 

 E2/E3/E4 Status: NA  
   
3. Owner Name:   Prince William County Service Authority 

 Owner Contact/Title: 
Charles R. Weber 
Director of Engineering & Water 
Reclamation 

Telephone Number: (703) 335-7929 

   
4. Application Complete Date: May 2, 2008 

 Permit Drafted By: Alison Thompson Date Drafted: January 15, 2009 

 Draft Permit Reviewed By:  Joan Crowther Date Reviewed: January 23, 2009 

 Public Comment Period : Start Date: 3/16/09 End Date: 4/15/09 
   
5. Receiving Waters Information:  

 Receiving Stream Name : Neabsco Creek River Mile: 1ANEA1.57 
 Stream Basin: Potomac Subbasin: Potomac 
 Section: 6 Stream Class: II 
 Special Standards: b, y Waterbody ID: VAN-A25E 
 7Q10 Low Flow: Tidal (Apr-Oct) 7Q10 High Flow: Tidal (Nov-Mar) 
 1Q10 Low Flow: Tidal (Apr-Oct) 1Q10 High Flow: Tidal (Nov-Mar) 
 Harmonic Mean Flow: Tidal 30Q5 Flow: Tidal 
 303(d) Listed: Yes 30Q10 Flow:   Tidal 

 TMDL Approved:          
Yes (PCBs) 
No (E. coli) 

Date TMDL Approved: 
PCB 10/31/07 
E. coli Due 2016 

  
6. Statutory or Regulatory Basis for Special Conditions and Effluent Limitations: 
  ü State Water Control Law ü EPA Guidelines 

  ü Clean Water Act ü Water Quality Standards 
  ü VPDES Permit Regulation ü Other (Potomac Embayment Standards ) 
  ü EPA NPDES Regulation               9 VAC 25-415-10 et seq 
  
7. Licensed Operator Requirements: Class I   
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8. Reliability Class: Class I 
  
9. Permit Characterization:  

   
 
Private  

 
Effluent Limited ü Possible Interstate Effect 

   
 
Federal ü 

 
Water Quality Limited  Compliance Schedule Required 

   
 
State ü 

 
Toxics Monitoring Program Required  Interim Limits in Permit 

  ü 
 
POTW ü 

 
Pretreatment Program Required  

 
Interim Limits in Other Document 

 ü TMDL    

 
10. Wastewater Sources and Treatment  Description: 
 This facility is a publicly owned treatment works with a design flow of 18 MGD.  Effluent flow rates currently 

average about 12 MGD. Existing treatment consists of screening, grit removal with coagulant feed (ferric chloride), 
flow equalization, primary clarification, aeration basins, secondary clarification, denitrification filters, UV 
disinfection, and cascade post aeration before discharge to the tidal portion of Neabsco Creek at Outfall 001.  
 
Limits are again included with this reissuance for a design flow increase to 24 MGD.  The upgrade to the 24 MGD 
tier is underway, and the nutrient removal cost share is done with DEQ Grant #440-S-08-15.  The upgraded facility 
will have State of the Art (SOA) nutrient removal.  A CTO is expected in 2010 for Phase I of the expansion 
construction. 
 
Five storm water outfalls for the HL Mooney WRF are permitted separately under VPDES General Stormwater 
Industrial Permit VAR051424. 

 See the application for a facility schematic/diagram. 
 

TABLE 1 – Outfall Description 

Outfall 
Number Discharge Sources Treatment Design Flow  

Outfall 
Latitude and 

Longitude  

001 
Domestic and/or 
Commercial  See Item 10 above. 

18 MGD with 
expansion to 24 MGD 

38º 36’ 39” 
       77º 16’ 13” 

See Attachment 1 for the topographic map (DEQ #194D – Quantico).  
 

11. Sludge Treatment and Disposal Methods: 
 
Bar screenings and grit are hauled by truck to the landfill. 
 
The facility produces approximately 5,460 dry metric tons of sewage sludge a year of which 4,960 dry metric tons 
were incinerated in CY2007.  Approximately 500 dry metric tons is hauled to the King George County Landfill 
when the incinerator is down for annual maintenance.   
 
Gravity thickened sludge is pumped to sludge holding tanks prior to dewatering. The sludge is chemically 
conditioned with polymer before dewatering by high solids centrifuges. Dewatered sludge is incinerated in a 
Fluidized Bed Incinerator (FBI). The inert ash is mixed with sawdust and hauled by truck to the landfill. A multiple 
hearth incinerator was decommissioned in 2006. 
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12.   Discharges, Intakes, Monitoring Stations, Other Items in Vicinity of Discharge  

 
TABLE 2  

VA0024678 Dale Service Corporation Section 8 Outfall 001. River mile 9.15 on Neabsco Creek. 

VA0024724 Dale Service Corporation Section 1 Outfall 001. River mile 0.04 on UT to Neabsco Creek. 

1ANEA002.89 DEQ Ambient Water Quality Monitoring Station at Route 1. River mile 2.89 on Neabsco 
Creek. 

VA0025101 PWCSA HL Mooney WRF Outfall 001. River mile 1.57 on Neabsco Creek. 

1ANEA000.57 DEQ Ambient Water Quality Monitoring Station midway into Neabsco Bay. River mile 0.57. 

                        There are no known drinking water intakes in the vicinity of the outfall. 

13.  Material Storage: 
 

 TABLE 3 - Material Storage 

Materials Description Maximum Volume Stored 
Ferric Chloride 48,000 gallons 
Pebble Lime 400,000 lbs. 
Unleaded Gasoline 2,000 gallons 
C217 Polymer 7,500 lbs. 
Kerosene  200 gallons 
HTH Chlorine Granules 5,000 lbs. 
A-23 Polymer 7,500 lbs. 
Hydrated Lime 5,000 lbs. 
Ultra Low Sulfur Diesel Fuel  32,500 gallons (4 tanks) 
Methanol 25,000 gallons 
Sodium Hypochlorite 26,340 gallons 
Odor Counteractants 825 gallons 

 
14. 
 
 
 
 

 Site Inspection:  
 
DEQ Compliance and Enforcement staff performed a site visit 10/18/07.  A full technical and laboratory inspection 
was last performed 12/6/06.  Copies of the site visit and technical summary have been placed in the reissuance file. 

 
15. Receiving Stream Water Quality and Water Quality Standards: 
 

a)           Ambient Water Quality Data 
 
Stations 1ANEA000.57 and 1ANEA000.40 are DEQ ambient water quality monitoring stations in close 
proximity to the discharge from this facility.  Station 1ANEA000.57 is also used as a fish tissue sampling 
station.  Station 1ANEA000.57 is located approximately 1.08 miles downstream from the facility, and 
Station 1ANEA000.40 is located approximately 1.25 miles downstream from the facility.  Due to the 
monitoring results from both stations, the receiving stream is listed in the 2008 Integrated Report that was 
approved by EPA on December 18, 2008. 
 
Assessment Unit VAN-A25R_NEA20A02: 
Segment begins at the upstream limit of the tidal waters on Neabsco Creek and continues downstream until 
the start of the open waters of Neabsco Bay, approximately 0.8 rivermile upstream from monitoring station 
1aNEA000.57. 
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The fish consumption use is categorized as impaired due to a Virginia Department of Health, Division of 
Health Hazards Control, PCB fish consumption advisory.  The advisory, dated 4/19/99 and modified 
12/13/04, limits consumption of American eel, bullhead catfish, channel catfish less than eighteen inches 
long, largemouth bass, anadromous (coastal) striped bass, sunfish species, smallmouth bass, white catfish, 
white perch, gizzard shad, and yellow perch consumption to no more than two meals per month.  The 
advisory also restricts the consumption of carp and channel catfish greater than eighteen inches long.  The 
affected area includes the tidal portions of the following tributaries and embayments from the I-395 bridge 
(above the Woodrow Wilson Bridge) to the Potomac River Bridge at Route 301: Fourmile Run, Hunting 
Creek, Little Hunting Creek, Pohick Creek, Accotink Creek, Occoquan River, Neabsco Creek, Powell 
Creek, Quantico Creek, Chopawamsic Creek, Aquia Creek, and Potomac Creek. 
 
The submerged aquatic vegetation data is assessed as fully supporting the aquatic life use.  For the open 
water aquatic life subuse; the thirty day mean is acceptable, however, the seven day mean and instantaneous 
levels have not been assessed.  The recreation and wildlife uses were not assessed. 
 
Assessment Unit:  VAN-A25R_NEA01A00: 
Segment includes the tidal waters of Neabsco Bay, beginning at rivermile 1.37, downstream until the 
confluence with Occoquan Bay. 
 
This segment was included in Attachment C (Plaintiff's list of waters that were added to the 303(d) list in 
2002) for pH.  In 2008, the pH parameter, first listed in 2002, was delisted.  In 2004, the segment was 
expanded to include all tidal waters of Neabsco Bay.  For the 2006 assessment, the NEW-13 special 
standards designation was removed.  In 2008, the segment area was reduced to terminate at the shoreline-
shoreline mouth of Neabsco Creek.  Also in 2008, the aquatic plants (macrophytes) parameter, first listed in 
2006, was submitted for delist. 
 
This assessment unit was noted with an observed effect for chlorophyll-a for the 2006 Integrated 
Assessment.  While nutrients will not be assessed until nutrient standards are adopted, the observed effect 
will remain due to the previous assessment.  For the 2006 assessment, two of 12 samples (16.7%) exceeded 
the chlorophyll a screening value of 50 ug/L, noted by an observed effect. 
 
The fish consumption use is categorized as impaired due to a Virginia Department of Health, Division of 
Health Hazards Control, PCB fish consumption advisory.  E. coli monitoring finds a bacterial impairment, 
resulting in an impaired classification for the recreation use. 

 
The submerged aquatic vegetation data is assessed as fully supporting the aquatic life use.  For the open 
water aquatic life subuse; the thirty day mean is acceptable, however, the seven day mean and instantaneous 
levels have not been assessed.  The wildlife use is considered fully supporting. 
 
Significant portions of the Chesapeake Bay and its tributaries are listed as impaired on Virginia’s 303(d) list 
of impaired waters for not meeting the aquatic life use support goal, and the Integrated Report indicates that 
much of the mainstem Bay does not fully support this use support goal under Virginia’s Water Quality 
Assessment guidelines. Nutrient enrichment is cited as one of the primary causes of impairment. 
 
In response, the Virginia General Assembly amended the State Water Control Law in 2005 to include the 
Chesapeake Bay Watershed Nutrient Credit Exchange Program.  This statute set forth total nitrogen and 
total phosphorus discharge restrictions within the bay watershed.  Concurrently, the State Water Control 
Board adopted new water quality criteria for the Chesapeake Bay and its tidal tributaries.  These actions 
necessitate the evaluation and the inclusion of nitrogen and phosphorus limits on discharges within the bay 
watershed. 
 
A copy of the Planning Statement has been placed in the reissuance file. 
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b)          Receiving Stream Water Quality Criteria  
 

Part IX of 9 VAC 25-260(360-550) designates classes and special standards applicable to defined Virginia 
river basins and sections.  The receiving stream Neabsco Creek is located within Section 6 of the Potomac 
River Basin, and classified as a Class II water.   
 
Class II tidal waters in the Chesapeake Bay and its tidal tributaries must meet dissolved oxygen 
concentrations as specified in 9 VAC 25-260-185 and maintain a pH of 6.0-9.0 standard units as specified 
in 9 VAC 25-260-50.  In the Northern Virginia area, Class II waters must meet the Migratory Fish 
Spawning and Nursery Designated Use from February 1 through May 31.  For the remainder of the year, 
these tidal waters must meet the Open Water use.  The applicable dissolved oxygen concentrations are 
presented Attachment 2. 
 
Attachment 3 details other water quality criteria applicable to the receiving stream.  Since there is tidal 
influence at the outfall, dilution ratios will be used in lieu of the steady state complete mix equation. 
 
Ammonia:  
The freshwater, aquatic life Water Quality Criteria  (WQC) for Ammonia are dependent on the instream 
temperature and pH.  Agency guidance uses the 90th percentile temperature and pH values because they best 
represent the critical design conditions of the receiving stream.  During the last reissuance, the pH and 
temperature data for DEQ’s ambient monitoring station 1ANEA000.57 was evaluated and consequently 
used to develop the ammonia criteria.  Staff believed that the data contained a sampling bias since most 
ambient samples were collected between 10 a.m. and 2 p.m., the time period of the highest photosynthetic 
activity in a shallow, open embayment such as the mouth Neabsco Creek. Because of the potential sampling 
bias, staff used the 50th percentile pH and temperature values for the calculation of the ammonia as nitrogen 
WQC and the subsequent limits. Through a permit special condition, the permittee conducted pH and 
temperature monitoring in Neabsco Creek to determine if there was sampling bias and if the pH 
assumptions were correct. 

 
The permittee submitted a final instream monitoring report in December 2005.  A copy of the report was 
submitted with the application and is also found in Attachment 4.  The study provided a better snapshot of 
the pH conditions in Neabsco Creek during each of the seasons than the limited data pool available during 
the 2003 reissuance.  The 90th percentile pH and temperature from the 2005 study shall be used for the 
November-January and February-March ammonia criteria with this reissuance.  The values used for each of 
the seasonal ammonia criteria are summarized below: 

 
Table 4a – Acute and Chronic Ammonia Criteria  

Season 
90th percentile 
pH (s.u.) 

90th percentile 
temperature (°C) 

Acute Ammonia 
as N (mg/L) 

Chronic Ammonia 
as N (mg/L) 

November 1 –
February 14 * 8.0 (7.6)** 11.6 (6.7) 8.4 (17.0) 2.9 (6.4) 

February 15 – 
March 31 8.42 (7.8) 10.4 (8.1) 3.7 (12.1) 1.2 (3.2) 

* Early Life Stages Absent - Special Standard y 
** Values in parentheses are the 50th values and criteria used in the 2003 reissuance   
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For the April to October ammonia criteria, the permittee proposed to derive a 30 day average criteria using 
paired pH and temperature data from the 2005 study.  DEQ also had a robust data set for the embayment 
from 2006 for the April to October time period, so the permittee derived a 30 day average ammonia criteria 
using both paired data sets.  The documentation for the derivation of the criteria is found in Attachment 12 
as well as on a CD in the permit reissuance file. 
 

Table 4b – Acute and Chronic Ammonia Criteria 

Season 
90th percentile 
pH (s.u.) 

90th percentile 
temperature (°C) 

Acute Ammonia 
as N (mg/L) 

Chronic Ammonia 
as N (mg/L) 

April 1–October 
31 (PES months) 8.9 (8.2)** 30.11 (24.2) 3.7 (5.72) 0.69 (0.96) 

      ** Values in parentheses are the 50th values and criteria used in the 2003 reissuance   
 

Metals Criteria:  
The Water Quality Criteria for some metals are dependent on the effluent’s hardness (expressed as mg/l 
calcium carbonate).  The facility had three hardness values from sampling events taken as part of the 
application submittal.  The average hardness of the effluent is 170 mg/l which is comparable to the hardness 
of 198 mg/L used during the last reissuance.  The hardness-dependent metals criteria shown in Attachment 
3 are based on the current average. 
 
 
Bacteria Criteria : The Virginia Water Quality Standards (9 VAC 25-260-170 B.) states sewage discharges 
shall be disinfected to achieve the following criteria:    
 
1) E. coli bacteria per 100 ml of water shall not exceed the following: 

               Geometric Mean1 Single Sample Maximum 
Freshwater E. coli (N/100 ml) 126 235 

1For two or more samples [taken during any calendar month]. 
 

 c)       Receiving Stream Special Standards   
 

The State Water Control Board's Water Quality Standards, River Basin Section Tables (9 VAC 25-260-360, 370 
and 380) designates the river basins, sections, classes, and special standards for surface waters of the 
Commonwealth of Virginia.  The receiving stream, Neabsco Creek, is located within Section 6 of the Potomac 
Basin.  This section has been designated with special standards of b and y. Note: the NEW-13 special standard 
was repealed and is no longer applicable. 

 
Special Standard “b” (Potomac Embayment Standards) established effluent standards for all sewage plants 
discharging into Potomac River embayments and for expansions of existing plants discharging into non-
tidal tributaries of these embayments.  9 VAC 25-415, Policy for the Potomac Embayments controls point 
source discharges of conventional pollutants into the Virginia embayment waters of the Potomac River, and 
their tributaries, from the fall line at Chain Bridge in Arlington County to the Route 301 Bridge in King 
George County.  The regulation sets effluent limits for BOD5, total suspended solids, phosphorus, and 
ammonia, to protect the water quality of these high profile waterbodies.  

 
Special Standard “y” is the chronic ammonia criterion for tidal freshwater Potomac River and tributaries that 
enter the tidal freshwater Potomac River from Cockpit Point (below Occoquan Bay) to the fall line at Chain 
Bridge.  During November 1 through February 14 of each year the thirty-day average concentration of total 
ammonia nitrogen (in mg N/L) shall not exceed, more than once every three years on the average the 
following chronic ammonia criterion: 

 
0.0577 2.487 ( 1 + 107.688-pH 

+ 
1 + 10pH-7.688 ) x 1.45(100.028(25-MAX)) 

MAX = temperature in °C or 7, whichever is greater. 
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The default design flow for calculating steady state waste load allocations for this chronic ammonia 
criterion is the 30Q10, unless statistically valid methods are employed which demonstrate compliance with 
the duration and return frequency of this water quality criterion. 

 
d)      Threatened or Endangered Species 

 
The Virginia DGIF Fish and Wildlife Information System Database was searched for records to determine 
if there are threatened or endangered species in the vicinity of the discharge.  The following threatened or 
endangered species were identified within a 2 mile radius of the discharge: Bald Eagle .  The limits proposed 
in this draft permit are protective of the Virginia Water Quality Standards and therefore, protect the 
threatened and endangered species found near the discharge.  A copy of the database results has been placed 
in the reissuance file . 
 
The stream that the facility discharges to is within a reach identified as having an Anadromous Fish Use.  It is 
staff’s best professional judgment that the proposed limits are protective of this use. 
 

e)       Maryland Water Quality Standards 
 

HL Mooney Water Reclamation Facility discharges to Neabsco Creek, which is a tributary to the Potomac 
River.  The discharge is approximately 0.5 miles from the Maryland State line.  Staff reviewed the State of 
Maryland’s Water Quality Standards and believes that the effluent limitations established in this permit will 
comply with Maryland’s water quality standards at the point Neabsco Creek enters the Potomac River. 

 
16. Antidegradation (9 VAC 25-260-30): 

 
All state surface waters are provided one of three levels of antidegradation protection.  For Tier 1 or existing use 
protection, existing uses of the water body and the water quality to protect these uses must be maintained.  Tier 2 
water bodies have water quality that is better than the water quality standards.  Significant lowering of the water 
quality of Tier 2 waters is not allowed without an evaluation of the economic and social impacts.  Tier 3 water bodies 
are exceptional waters and are so designated by regulatory amendment.  The antidegradation policy prohibits new or 
expanded discharges into exceptional waters.  

 
The receiving stream has been classified as Tier 1 based on the following: the receiving waters have been designated 
as impaired, and the effluent limits are set to meet the water quality standards. Permit limits proposed have been 
established by determining wasteload allocations which will result in attaining and/or maintaining all water quality 
criteria which apply to the receiving stream, including narrative criteria.  These wasteload allocations will provide for 
the protection and maintenance of all existing uses.   
 

17. Effluent Screening, Wasteload Allocation, and Effluent Limitation Development : 
 

To determine water quality-based effluent limitations for a discharge, the suitability of data must first be determined.  
Data is suitable for analysis if one or more representative data points is equal to or above the quantification level 
("QL") and the data represent the exact pollutant be ing evaluated.  
 
Next, the appropriate Water Quality Standards are determined for the pollutants in the effluent.  Then, the Wasteload 
Allocations (WLA) are calculated.  The WLA values are then compared with available effluent data to determine the 
need for effluent limitations.  Effluent limitations are needed if the 97th percentile of the daily effluent concentration 
values is greater than the acute wasteload allocation or if the 97th percentile of the four-day average effluent 
concentration values is greater than the chronic wasteload allocation. Effluent limitations are the calculated on the 
most limiting WLA, the required sampling frequency, and statistical characteristics of the effluent data. 
 
a) Effluent Screening: 

Effluent data obtained from the permit application has been reviewed and determined to be suitable for 
evaluation. Effluent data were reviewed, and there have been a few exceedances of the established limitations 
during the past year.  The exceedances occurred for the TSS and ammonia loading limits in May 2008.  The 
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high loadings were attributed to extremely heavy rain events that triggered events that caused a pipe in the 
ferric chloride system to rupture releasing a slug of undiluted ferric into the facility.  This was an isolated 
event and otherwise the facility has maintained an excellent compliance record even during the upgrade and 
expansion of the facility. 
 
The following pollutants require a wasteload allocation analysis since they were noted in the effluent in 
quantifiable amounts: Ammonia as Nitrogen, Mercury, Nickel, and Zinc.   

 
b) Mixing Zones and Wasteload Allocations (WLAs): 

Neabsco Creek at the point of discharge is a tidal estuary and has tidal influence. For tidal estuaries, chronic 
wasteload allocations should be based on site specific data of waste dispersion or dilution. Where 
dispersion/dilution data is not available, a dilution ratio of 50:1 for chronic toxicity is usually recommended 
as default. Acute wasteload allocations are established by multiplying the acute water quality criteria by 2. 
The 2X factor is derived from the fact that the acute criteria are defined as one half of the final acute value 
(FAV) for a specific toxic pollutant. The term “final acute value” is defined as a cumulative probability of 
0.05 for the acute toxicity values for all genera for which acceptable acute tests have been conducted with 
toxicants (Guidance Memo 00-2011). 
 
Staff believes that the guidance for chronic dilution of 50:1 for tidal waters is not applicable to this waterbody 
because the discharge is located near the fall line where the tidal influence is the smallest, the embayment is 
very shallow, and has an abundance of macrophytes. Staff’s position is that unless dilution is demonstrated 
through a site-specific study, no dilution is recognized and chronic water quality criteria will be applied at 
end-of-pipe.  PWCSA did conduct a site specific dilution study and near field-mixing analysis in 1997 for 
Neabsco Creek (Attachment 5). The documentation provided are used as the basis for the chronic toxicity 
instream waste concentrations summarized below: 
 

18 MGD 24 MGD 
Season 

IWC Dilution Factor IWC Dilution Factor 
November–March 37.92% 2.64:1 40.53% 2.47:1 

April–October 
(except ammonia) 39.17% 2.55:1 41.84% 2.39:1 

 
The above values are used to derive WLAs for all chronic criteria except ammonia.  Because ammonia 
decays, the recent PWCSA pH and temperature study in Attachment 6 addressed the decay of ammonia and 
determined IWCs just for chronic ammonia criteria.  In the 2003 reissuance decay was not considered because 
the 50th percentile temperatures were less than 10°C.  Staff’s opinion was that nitrification in ambient waters 
is negligible when temperature is < 10°C.     
 
The instream monitoring found that the winter temperatures were higher than the 50th percentile values used 
during the 2003 reissuance, so staff allowed decay for the November to March period.  The following dilution 
factors for ammonia are used for limit development with this reissuance: 
 

18 MGD 24 MGD 
Season 

IWC Dilution Factor IWC Dilution Factor 

November - January 24.91% 4.01:1 26.63% 3.76:1 

February -March 25.88% 3.86:1 27.67% 3.61:1 

April–October  18.89% 5.29:1 20.18% 4.96:1 
 

c) Effluent Limitations Toxic Pollutants, Outfall 001 –  
 

9 VAC 25-31-220.D. requires limits be imposed where a discharge has a reasonable potential to cause or 
contribute to an in-stream excursion of water quality criteria.  Those parameters with WLAs that are near 
effluent concentrations are evaluated for limits.   
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The VPDES Permit Regulation at 9 VAC 25-31-230.D. requires that monthly and weekly average limitations 
be imposed for continuous discharges from POTWs and monthly average and daily maximum limitations be 
imposed for all other continuous non-POTW discharges. 

 
1) Ammonia as N: Limit derivations are found in Attachment 7. 

 
Ammonia as N (April through October) 
The following table summarizes the ammonia limits evaluated during this reissuance: 
 

Table 5 – Ammonia (April through October) 

Source of the Monthly 
Average Limit 

Monthly Average 
Limit – 18 MGD 

Monthly Average 
Limit – 24 MGD 

Policy for the Potomac River 
Embayments (PPRE) 1.0 mg/l 1.0 mg/l 

Water Quality Criteria   3.6 mg/l 3.4 mg/l 

 
Since the PPRE is more stringent than the current Water Quality Criteria, the April through October 
monthly average limit shall be 1.0 mg/l at both flow tiers. The weekly average limit will be 4.4 mg/l at 
18 MGD and 4.1 mg/l at 24 MGD, and they are based on the WQC, mixing zone study, and wasteload 
allocation described in 15.b. and 17.b.  

 
Ammonia as N (November 1st through January 31st) 
Attachment 3 contains the derivation of the Early Life Stages Absent ammonia criteria.  Special 
Standard y lists the Early Life Stages Absent from November 1st through February 14th.  Since it is not 
practical to have limits for half a calendar month, staff has set the limits for November through January.  
This is a conservative choice to assure protection against chronic toxicity for any consecutive 30-day 
period during February through March.   The limits for November 1st through January 31st are: 
 

Ammonia as N 
November-January 18 MGD 24 MGD 

Monthly Average No Limit  No Limit 

Weekly Average No Limit No Limit 
 
Ammonia as N (February through March) 
Attachment 7 contains the derivation of the ammonia limits for February 1st through March 31st.  The 
limits are: 
 

Ammonia as N 
February-March 18 MGD 24 MGD 

Monthly Average 4.6 mg/L 4.3 mg/L 

Weekly Average 5.5 mg/L 5.2 mg/L 
 

2) Metals: 
 

Mercury, nickel, and zinc all had detectable concentrations in at least one of the three scans done as part 
of the reissuance package.  None of the values were close to the Site Specific Target Values calculated 
for the facility, so no limit evaluations are needed since there is no reasonable potential to exceed the 
WQS.   
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d) Effluent Limitations and Monitoring, Outfall 001 – Conventional and Non-Conventional Pollutants 

 
pH limitations are set at the water quality criteria.  

 
E. coli limitations are in accordance with the Water Quality Standards 9 VAC25-260-170. 
 

e) Effluent Annual Average Limitations and Monitoring, Outfall 001 – Nutrients 
 
VPDES Regulation 9 VAC 25-31-220(D) requires effluent limitations that are protective of both the 
numerical and narrative water quality standards for state waters, including the Chesapeake Bay. 
 
As discussed in Section 15, significant portions of the Chesapeake Bay and its tributaries are listed as 
impaired with nutrient enrichment cited as one of the primary causes.  Virginia has committed to protecting 
and restoring the Bay and its tributaries.   
 
The State Water Control Board adopted Water Quality Criteria for the Chesapeake Bay in March 2005.   
In addition to the Water Quality Standards, there are three regulations that necessitate nutrient limitations: 
 
-  9 VAC 25-40 - Regulation for Nutrient Enriched Waters and Dischargers within the Chesapeake Bay 
Watershed   requires discharges with design flows of >0.04 mgd to treat for TN and TP to either BNR levels 
(TN = 8 mg/l; TP = 1.0 mg/l) or SOA levels (TN = 3.0 mg/l and TP = 0.3 mg/l).   
 
-  9 VAC 25-720 – Water Quality Management Plan Regulation sets forth TN and TP maximum wasteload 
allocations for facilities with design flows of >0.5 mgd limiting the mass loading from these discharges. 
 
-  9 VAC 25-820 General Virginia Pollutant Discharge Elimination System (VPDES) Watershed Permit 
Regulation for Total Nitrogen and Total Phosphorus Discharges and Nutrient Trading in the Chesapeake Bay 
Watershed in Virginia  was approved by the State Water Control Board on September 6, 2006 and became 
effective January 1, 2007.  This regulation specifies and controls the nitrogen and phosphorus loadings from 
facilities and specifies facilities that must register under the general permit.  Nutrient loadings for those 
facilities registered under the general permit as well as compliance schedules and other permit requirements, 
shall be authorized, monitored, limited, and otherwise regulated under the general permit and not this 
individual permit.  The facility has obtained coverage under the General Permit - VAN010018. 
 
Monitoring for Nitrates + Nitrites, Total Kje ldahl Nitrogen, and Total Nitrogen are included in this permit. 
The monitoring is needed to protect the Water Quality Standards of the Chesapeake Bay.  Monitoring 
frequencies are set at the frequencies set forth in 9 VAC 25-820.  This facility was upgraded to Biological 
Nutrient Removal (BNR) technology with WQIF grant #440-S-98-03.  Since the HL Mooney WRF is a BNR 
facility, the 18 MGD flow tier shall include an Annual Average Total Nitrogen concentration of 8.0 mg/L.  
This facility is using Water Quality Improvement Funds to upgrade the facility to SOA treatment at 24 MGD.  
As such, an annual average effluent limitation of 3.0 mg/L for Total Nitrogen and monthly and Year-To-Date 
calculations are included in this individual permit at the 24 MGD flow tier.  The facility’s annual Total 
Nitrogen allocation set forth in 9 VAC 25-720 – Water Quality Management Plan Regulation is also based on 
3.0 mg/L at 24 MGD. 
 
The annual average limitation for Total Phosphorus was not included in this individual permit.  The monthly 
average TP limit of 0.18 mg/L is based upon the Policy for the Potomac River Embayments, which the 
general permit does not supersede.  It is staff’s best professional judgment that this monthly average limit is 
more stringent than the annual average at the same concentration per the WLA found in 9 VAC 25-720-120-
C. 
 
Orthophosphate monitoring shall be removed from this individual permit and shall be reported through the 
General Permit. 
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f) Effluent Limitations Policy for the Potomac River Embayments (PPRE), Outfall 001  

 
The PPRE included monthly average effluent limits that apply to all sewage treatment plants: 

Parameter Monthly Average (mg/l) 

cBOD5 5 

Total Suspended Solids 6.0 

Total Phosphorus 0.18 

NH3 (Apr 1 – Oct 31) 1.0 

 
The PPRE states that the “above limitations shall not replace or exclude the discharge from meeting the 
requirements of the State’s Water Quality Standards (9 VAC 25-260-10 et seq.).”  These limits are protective 
of the criteria for dissolved oxygen. 
 

g) Effluent Limitations and Monitoring Summary. 
 

The effluent limitations are presented in the following tables.   Limits were established for Flow, cBOD5, 
Total Suspended Solids, Ammonia  as Nitrogen, pH, Dissolved Oxygen, Total Phosphorus, Total Nitrogen, 
and E. coli.  Monitoring is included for TKN, Nitrate+Nitrite, and Toxicity. 

 

The mass loading (kg/d) for monthly and weekly averages were calculated by multiplying the concentration 
values (mg/l), with the flow values (in MGD) and a conversion factor of 3.785.  

 
The mass loading (lb/d) for Total Phosphorus monthly and weekly averages were calculated by multiplying 
the concentration values (mg/l), with the flow values (in MGD) and a conversion factor of 8.3438. 
 
An ammonia loading limit for the summer months is included in the permit because the basis for this limit is 
PPRE and not the toxic water quality criteria. 
 
Dissolved oxygen (D.O.) has a daily minimum concentration of 6.0 mg/L and is based on original modeling 
conducted (See Attachment 13) and is set to meet the water quality criteria for D.O. in the receiving stream. 
 
The weekly average concentrations for TSS, Total Phosphorus, and cBOD5 were calculated by using the 
monthly average concentration and multiplying by a 1.5 multiplier. 
 
The VPDES Permit Regulation at 9 VAC 25-31-30 and 40 CFR Part 133 require that the facility achieve at 
least 85% removal for BOD/CBOD and TSS (or 65% for equivalent to secondary).  The limits in this permit 
are water-quality-based effluent limits and result in greater than 85% removal.   
 
Sample Type and Frequency are in accordance with the recommendations in the VPDES Permit Manual and 9 
VAC 25-820 General Virginia Pollutant Discharge Elimination System (VPDES) Watershed Permit 
Regulation for Total Nitrogen and Total Phosphorus Discharges and Nutrient Trading in the Chesapeake Bay 
Watershed in Virginia . 
 
The facility requested a reduction in the frequency of E. coli and CBOD monitoring based on their 
compliance history.  Staff concurs with the request and granted reductions at the 18 MGD flow tier; staff 
additionally granted a reduction in the TSS monitoring frequency.  See Fact Sheet section 21.l. for the 24 
MGD monitoring special condition. 
 

18. Antibacksliding: 
All limits in this permit are at least as stringent as those previously established.  Backsliding does not apply to this 
reissuance. 
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19. Effluent Limitations/Monitoring Requirements:  
 Design flow is 18 MGD. 

 Effective Dates: During the period beginning with the permit's effective date and lasting until the issuance of the CTO 
for the 24 MGD flow tier or the expiration date, whichever comes first.  

  
DISCHARGE LIMITATIONS  MONITORING 

REQUIREMENTS PARAMETER 
BASIS 
FOR 

LIMITS Monthly Average Weekly Average Minimum Maximum Frequency Sample Type 

Flow (MGD) NA NL NA NA NL Continuous TIRE 

pH 3 NA NA 6.0 S.U. 9.0 S.U. 1/D Grab 

CBOD5  4 5 mg/L 300 kg/day 8 mg/L 500 kg/day NA NA 3D/W 24H-C 

Total Suspended Solids (TSS) 4 6.0 mg/L 410 kg/day 9.0 mg/L 610 kg/day NA NA 3D/W 24H-C 

Dissolved Oxygen 3,5 NA NA 6.0 mg/L NA 1/D Grab 

Total Kjeldahl Nitrogen (TKN) 3 NL mg/L NA NA NA 1/W 24H-C 

Ammonia, as N (Nov-Jan) 3,5 NL mg/L NL mg/L NA NA 1/D 24H-C 

Ammonia, as N (Feb-Mar) 3,5 4.6 mg/L 5.5 mg/L NA NA 1/D 24H-C 

Ammonia, as N (Apr-Oct) 3,4,5 1.0 mg/L 68 kg/day 4.4 mg/L 300 kg/day NA NA 1/D 24H-C 

E. coli (Geometric Mean)  3 126 n/100mls NA NA NA 5D/W Grab 

Nitrate+Nitrite, as N 3, 6 NL mg/L NA NA NA 1/W 24H-C 

Total Nitrogen a. 3, 6 NL mg/L NA NA NA 1/W Calculated 

Total Nitrogen – Year to Date  b. 3, 6 NL mg/L NA NA NA 1/M  Calculated 

Total Nitrogen - Calendar Year  b. 3, 6 8.0 mg/L NA NA NA 1/Y Calculated 

Total Phosphorus  4 0.18 mg/L 27 lb/day 0.27 mg/L 41 lb/day NA NA 1/D 24H-C 

Acute Toxicity – C. dubia (TUa)  NA NA NA NL 1/Y 24H-C 

Acute Toxicity – P. promelas (TUa)  NA NA NA NL 1/Y 24H-C 

Chronic Toxicity – C. dubia (TUc)  NA NA NA NL 1/Y 24H-C 

Chronic Toxicity – P. promelas (TUc)  NA NA NA NL 1/Y 24H-C 
 

The basis for the limitations codes are: MGD = Million gallons per day. 1/D = Once every day. 
1.  Federal Effluent Requirements N/A = Not applicable. 1/M = Once every month. 
2.  Best Professional Judgment  NL = No limit; monitor and report. 1/W = Once every week. 
3.  Water Quality Standards S.U. = Standard units. 3D/W = Three days a week. 
4.  Potomac Embayment Standards TIRE = Totalizing, indicating and recording equipment. 5D/W = Five days a week. 
5.  Stream Model- Attachment 10    1/Y = Once every calendar year. 
6.  9 VAC 25-40 (Nutrient Regulation)       

         

24H-C = A flow proport ional composite sample collected manually or automatically, and discretely or continuously, for the entire discharge of the  
Monitored 24-hour period.  Where discrete sampling is employed, the permittee shall collect a minimum of twenty-four (24) aliquots for 
compositing.  Discrete sampling may be flow proportioned either by varying the time interval between each aliquot or the volume of each 
aliquot. Time composite samples consisting of a minimum twenty-four (24) grab samples obtained at hourly or smaller intervals may be 
collected where the permittee demonstrates that the discharge flow rate (gallons per minute) does not vary by =10% or more during the 
monitored discharge. 

Grab = An individual sample collected over a period of time not to exceed 15-minutes. 
a.  Total Nitrogen = Sum of TKN plus Nitrate+Nitrite 
b. See Section 20.a. for the calculation of the Nutrient Calculations. 
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19. Effluent Limitations/Monitoring Requirements:  
 Design flow is 24 MGD. 

 Effective Dates: During the period beginning with the issuance of the CTO for the 24 MGD flow tier and lasting until 
the expiration date.  

  
DISCHARGE LIMITATIONS  MONITORING 

REQUIREMENTS PARAMETER 
BASIS 
FOR 

LIMITS Monthly Average Weekly Average Minimum Maximum Frequency Sample Type 

Flow (MGD) NA NL NA NA NL Continuous TIRE 

pH 3 NA NA 6.0 S.U. 9.0 S.U. 1/D Grab 

CBOD5  
c. 4 5 mg/L 400 kg/day 8 mg/L 700 kg/day NA NA 1/D 24H-C 

Total Suspended Solids (TSS) c. 4 6.0 mg/L 540 kg/day 9.0 mg/L 820 kg/day NA NA 3D/W 24H-C 

Dissolved Oxygen 3,5 NA NA 6.0 mg/L NA 3D/W Grab 

Total Kjeldahl Nitrogen (TKN) 3 NL mg/L NA NA NA 3D/W 24H-C 

Ammonia, as N (Nov-Jan) 3,5 NL mg/L NL mg/L NA NA 1/D 24H-C 

Ammonia, as N (Feb-Mar) 3,5 4.3 mg/L 5.2 mg/L NA NA 1/D 24H-C 

Ammonia, as N (Apr-Oct) 3,4,5 1.0 mg/L 91 kg/day 4.1 mg/L 372 kg/day NA NA 1/D 24H-C 

E. coli (Geometric Mean) c.  3 126 n/100mls NA NA NA 5D/W Grab 

Nitrate+Nitrite, as N 3, 6 NL mg/L NA NA NA 3D/W 24H-C 

Total Nitrogen a. 3, 6 NL mg/L NA NA NA 3D/W Calculated 

Total Nitrogen – Year to Date  b. 3, 6 NL mg/L NA NA NA 1/M  Calculated 

Total Nitrogen - Calendar Year  b. 3, 6 3.0 mg/L NA NA NA 1/Y Calculated 

Total Phosphorus  4 0.18 mg/L 36 lb/day 0.27 mg/L 54 lb/day NA NA 1/D 24H-C 

Acute Toxicity – C. dubia (TUa)  NA NA NA NL 1/Y 24H-C 

Acute Toxicity – P. promelas (TUa)  NA NA NA NL 1/Y 24H-C 

Chronic Toxicity – C. dubia (TUc)  NA NA NA NL 1/Y 24H-C 

Chronic Toxicity – P. promelas (TUc)  NA NA NA NL 1/Y 24H-C 
 

The basis for the limitations codes are: MGD = Million gallons per day. 1/D = Once every day. 
1.  Federal Effluent Requirements N/A = Not applicable. 1/M = Once every month. 
2.  Best Professional Judgment  NL = No limit; monitor and report. 3D/W = Three days a week. 
3.  Water Quality Standards S.U. = Standard units. 1/Y = Once every calendar year. 
4.  Potomac Embayment Standards TIRE = Totalizing, indicating and recording equipment. 5D/W = Five days a week. 
5.  Stream Model- Attachment 10       

6.  9 VAC 25-40 (Nutrient Regulation)       
         

24H-C = A flow proportional composite samp le collected manually or automatically, and discretely or continuously, for the entire discharge of the  
Monitored 24-hour period.  Where discrete sampling is employed, the permittee shall collect a minimum of twenty-four (24) aliquots for 
compositing.  Discrete sampling may be flow proportioned either by varying the time interval between each aliquot or the volume of each 
aliquot. Time composite samples consisting of a minimum twenty-four (24) grab samples obtained at hourly or smaller intervals may be 
collected where the permittee demonstrates that the discharge flow rate (gallons per minute) does not vary by =10% or more during the 
monitored discharge. 

Grab = An individual sample collected over a period of time not to exceed 15-minutes. 
a.  Total Nitrogen = Sum of TKN plus Nitrate+Nitrite 
b. See Section 20.a. for the calculation of the Nutrient Calculations. 
 
c. See Section 21.l. The facility shall monitor at the reduced frequencies until the monthly average flow reaches 16 MGD for three (3) consecutive 

months at the 24 MGD flow tier, then the permittee shall begin daily (1/D) monitoring for CBOD5, TSS, and E. coli. 
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20. Other Permit Requirements : 

a) Part I.B. of the permit contains quantification levels and compliance reporting instructions.  
 
9 VAC 25-31-190.L.4.c. requires an arithmetic mean for measurement averaging and 9 VAC 25-31-220.D. 
requires limits be imposed where a discharge has a reasonable potential to cause or contribute to an in-stream 
excursion of water quality criteria.  Specific analytical methodologies for toxics are listed in this permit section 
as well as quantification levels (QLs) necessary to demonstrate compliance with applicable permit limitations or 
for use in future evaluations to determine if the pollutant has reasonable potential to cause or contribute to a 
violation.  Required averaging methodologies are also specified.  
 
The calculations for the Nitrogen and Phosphorus parameters shall be in accordance with the calculations set 
forth in 9 VAC 25-820 General Virginia Pollutant Discharge Elimination System (VPDES) Watershed Permit 
Regulation for Total Nitrogen and Total Phosphorus Discharges and Nutrient Trading in the Chesapeake Bay 
Watershed in Virginia .  §62.1-44.19:13 of the Code of Virginia defines how annual nutrient loads are to be 
calculated; this is carried forward in 9 VAC 25-820-70.  As annual concentrations (as opposed to loads) are 
limited in the individual permit, these reporting calculations are intended to reconcile the reporting calculations 
between the permit programs, as the permittee is collecting a single set of samples for the purpose of 
ascertaining compliance with two permits.   
 

b) Permit Section Part I.D., details the requirements for Toxics Management Program.  
 

The VPDES Permit Regulation at 9 VAC 25-31-210 requires monitoring and 9 VAC 25-31-220.I, requires 
limitations in the permit to provide for and assure compliance with all applicable requirements of the State 
Water Control Law and the Clean Water Act.  A TMP is imposed for municipal facilities with a design rate >1.0 
MGD, with an approved pretreatment program or required to develop a pretreatment program, or those 
determined by the Board based on effluent variability, compliance history, IWC, and receiving stream 
characteristics. (See Attachment 11). 
 

c) Permit Section Part I.C., details the requirements of a Pretreatment Program. 
The VPDES Permit Regulation at 9 VAC 25-31-210 requires monitoring and 9 VAC 25-31-220.D. requires all 
discharges to protect water quality.  The VPDES Permit Regulation at 9 VAC 25-31-730. through 900., and 40 
CFR Part 403 requires POTWs with a design flow of >5 MGD and receiving from Significant Industrial Users 
(SIUs) pollutants which pass through or interfere with the operation of the POTW or are otherwise subject to 
pretreatment standards to develop a pretreatment program.   
 
This treatment works is a POTW with a design capacity of 18 MGD, with plans for expansion to 24 MGD.  
Prince William County Service Authority also owns and operates the Occoquan Forest Spray Irrigation Plant 
(VPA00007). To date, the County’s sewer use ordinance and legal authority are approved, but they do not have 
a final pretreatment program in place because no Significant Industrial Users (SIUs) or Categorical Industrial 
Users (CIUs) have been identified as discharging to the Mooney WRF.  The permit contains a condition 
requiring a survey of industrial users (contributors) to the POTW.  Should categorical or significant industrial 
users be identified, the permittee shall be required to develop a pretreatment program.   
 
Program requirements and reporting are found in this section of the permit. 

 
d) Sewage Sludge Management Plan, Sludge Monitoring and Additional Reporting Requirements.  

 
The HL Mooney WRF is considered as Class I sludge management facility.  The permit regulation (9 VAC 25-
31-500) defines a Class I sludge management facility as any POTW which is required to have an approved 
pretreatment program defined under Part VII of the VPDES Permit Regulation (9 VAC 25-31-730 to 900) 
and/or any treatment works treating domestic sewage sludge that has been classified as a Class I facility by the 
Board because of the potential for its sewage sludge use or disposal practice to adversely affect public health 
and the environment.  The Mooney plant incinerates the sludge generated from the wastewater treatment 
process. Incineration is governed by the regulations of the Air Pollution Control Board. The ash generated from 
the incinerators is disposed in an approved landfill. 
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21. Other Special Conditions : 

a) 95% Capacity Reopener.  The VPDES Permit Regulation at 9 VAC 25-31-200.B.2. requires all POTWs and 
PVOTWs develop and submit a plan of action to DEQ when the monthly average influent flow to their 
sewage treatment plant reaches 95% or more of the design capacity authorized in the permit for each month 
of any three consecutive month period.  This facility is a POTW. 

  
b) Indirect Dischargers.  Required by VPDES Permit Regulation, 9 VAC 25-31-280 B.9 for POTWs and 

PVOTWs that receive waste from someone other than the owner of the treatment works. 
  
c) O&M Manual Requirement.  Required by Code of Virginia §62.1-44.19; Sewage Collection and Treatment 

Regulations, 9 VAC 25-790; VPDES Permit Regulation, 9 VAC 25-31-190.E.  Within 90 days of the 
effective date of this permit, the permittee shall submit for approval an Operations and Maintenance (O&M) 
Manual or a statement confirming the accuracy and completeness of the current O&M Manual to the 
Department of Environmental Quality, Northern Regional Office (DEQ-NRO). Future changes to the facility 
must be addressed by the submittal of a revised O&M Manual within 90 days of the changes. Non-
compliance with the O&M Manual shall be deemed a violation of the permit. 

  
d) CTC, CTO Requirement.  The Code of Virginia § 62.1-44.19; Sewage Collection and Treatment Regulations, 

9 VAC 25-790 requires that all treatment works treating wastewater obtain a Certificate to Construct prior to 
commencing construction and to obtain a Certificate to Operate prior to commencing operation of the 
treatment works. 

  
e) Licensed Operator Requirement.  The Code of Virginia at §54.1-2300 et seq. and the VPDES Permit 

Regulation at 9 VAC 25-31-200 D, and Rules and Regulations for Waterworks and Wastewater Works 
Operators (18 VAC 160-20-10 et seq.) requires licensure of operators.   This facility requires a Class I 
operator. 

  
f) Reliability Class.  The Sewage Collection and Treatment Regulation at 9 VAC 25-790 requires sewerage 

works achieve a certain level of reliability in order to protect water quality and public health consequences in 
the event of component or system failure.  The facility is required to meet a reliability Class of I. 

  
g) Sludge Reopener.  The VPDES Permit Regulation at 9 VAC 25-31-200.C.4. requires all permits issued to 

treatment works treating domestic sewage (including sludge-only facilities) include a reopener clause 
allowing incorporation of any applicable standard for sewage sludge use or disposal promulgated under 
Section 405(d) of the CWA.  The facility includes a sewage treatment works. 

  
h) Sludge Use and Disposal.  The VPDES Permit Regulation at 9 VAC 25-31-100.P., 220.B.2., and 420-720, 

and 40 CFR Part 503 require all treatment works treating domestic sewage to submit information on their 
sludge use and disposal practices and to meet specified standards for sludge use and disposal.  The facility 
includes a treatment works treating domestic sewage. 

  
i) E3/E4. 9 VAC 25-40-70 B authorizes DEQ to approve an alternate compliance method to the technology-

based effluent concentration limitations as required by subsection A of this section.  Such alternate 
compliance method shall be incorporated into the permit of an Exemplary Environmental Enterprise (E3) 
facility or an Extraordinary Environmental Enterprise (E4) facility to allow the suspension of applicable 
technology-based effluent concentration limitations during the period the E3 or E4 facility has a fully 
implemented environmental management system that includes operation of installed nutrient removal 
technologies at the treatment efficiency levels for which they were designed.  

  
j) Nutrient Reopener.  9 VAC 25-40-70 A authorizes DEQ to include technology-based annual concentration 

limits in the permits of facilities that have installed nutrient control equipment, whether by new construction, 
expansion or upgrade.  9 VAC 25-31-390 A authorizes DEQ to modify VPDES permits to promulgate 
amended water quality standards. 
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k) PCB Monitoring.  This special condition shall require the permittee to monitor and report PCB concentrations 

in dry weather and wet weather effluent samples.  The results from this monitoring shall be used to 
implement the PCB TMDL that was developed for the Potomac River and approved by EPA in October 
2007.  This facility was given a WLA in the TMDL. 

  
l) Final Effluent Monitoring Frequency. The Sewage Collection and Treatment Regulations require that a 

facility with a 24.0 MGD design flow collect conventional and Bacteria samples once a day.  DEQ granted 
monitoring reductions for CBOD5, TSS, and E. coli at the 18 MGD tier based on the compliance history of 
the facility.  When the facility’s monthly average flow reaches 16 MGD for 3 consecutive months at the 242 
MGD flow tier, the facility shall begin daily monitoring for CBOD5, TSS, and E. coli.  This special condition 
shall not affect the monitoring frequency of any other parameters.  If the facility has any exceedances of the 
numerical limitations associated with the parameters with the frequency reductions, upon written notification 
from DEQ, the facility shall increase the frequency of the monitoring to daily for CBOD5, TSS, and E. coli 
for the remaining term of the permit. 

 
22. Permit Section Part II: 

 
Part II of the permit contains standard conditions that appear in all VPDES Permits.  In general, these standard 
conditions address the responsibilities of the permittee, reporting requirements, testing procedures and records 
retention. 
 

23. Changes to the Permit from the Previously Issued Permit: 
 

a)  Special Conditions: 
1) A special condition for PCB monitoring was added to the permit based on the TMDL established for 

the tidal Potomac River. 
2) An E3/E4 special condition was added based on the current nutrient guidance. 
3) A Nutrient reopener was added based on the current nutrient guidance. 
4) The Final Effluent Monitoring Alternative and Water Quality Criteria Reopener special conditions 

were removed. 
5) The Instream Monitoring special condition was removed since the study has been completed. 
6) A CTC/CTO special condition was added in accordance with the SCAT regulations. 
7) A special condition for reduced monitoring at the 24 MGD flow tier was added.  Once the monthly 

average flows reach a specific flow for three consecutive months, the monitoring shall be increased 
to daily for the specified parameters. 

b)  Monitoring and Effluent Limitations: 
1) Chlorine limitations and the associated reporting instructions were removed from the permit during 

this reissuance since the UV system received a CTO 11/8/05 and chlorine is no longer used for 
disinfection. 

2) Year to Date monitoring and an Annual Average limits for Total Nitrogen were included with this 
reissuance at the 18 MGD (8.0 mg/L) and 24 MGD (3.0 mg/L) flow tiers. 

3) Monitoring frequency reductions were allowed at the 18 MGD flow tier for CBOD, TSS, and E. coli 
based on the compliance history of the facility. 

4) The monthly and weekly averages for Total Phosphorus are now expressed as lb/day instead of 
kg/day. 

5) The ammonia monthly and weekly average limitations for February-March at both flow tiers were 
revised based on the pH data collected from the instream monitoring. 

6) The ammonia weekly average limitation for April-October at both flow tiers was revised based on the 
pH and temperature data collected from the instream monitoring. 

7) Orthophosphate monitoring was removed from the permit since it is now reported as part of the 
Nutrient General Permit. 

8) Nitrate+Nitrite monitoring is included in this reissuance in lieu of separate values for the parameters. 
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24. Variances/Alternate Limits or Conditions:  

 
The facility was granted monitoring frequency reductions at the 18 MGD flow tier for CBOD, TSS, and E. coli 
based on the compliance history of the facility.  The monitoring frequencies were also granted for the 24 MGD 
flow tier until the monthly average flow reaches 16 MGD for three consecutive months, then the frequency 
shall be daily. 
  21. 25. Public Notice Information: 

 First Public Notice Date: 3/16/09 Second Public Notice Date: 3/23/09 
 

Public Notice Information is required by 9 VAC 25-31-280 B. All pertinent information is on file and may be 
inspected, and copied by contacting the: DEQ Northern Regional Office, 13901 Crown Court, Woodbridge, VA 22193, 
Telephone No. (703) 583-3834, alison.thompson@deq.virginia.gov. See Attachment 8 for a copy of the public notice 
document. 
 
Persons may comment in writing or by email to the DEQ on the proposed permit action, and may request a public 
hearing, during the comment period.  Comments shall include the name, address, and telephone number of the writer, 
and shall contain a complete, concise statement of the factual basis for comments.  Only those comments received 
within this period will be considered. The DEQ may decide to hold a public hearing if public response is significant.  
Requests for public hearings shall state the reason why a hearing is requested, the nature of the issues proposed to be 
raised in the public hearing and a brief explanation of how the requester's interests would be directly and adversely 
affected by the proposed permit action.  Following the comment period, the Board will make a determination regarding 
the proposed permit action.  This determination will become effective, unless the DEQ grants a public hearing.  Due 
notice of any public hearing will be given. 

 
21. 26. 303 (d) Listed Stream Segments and Total Max. Daily Loads (TMDL): 

There is a downstream impairment for the Potomac River and its tidal tributaries, including tidal Neabsco Creek, for 
PCBs in fish tissue.  Upstream facilities were included in the TMDL if they were considered significant sources.  
The HL Mooney facility was identified as significant source and provided a WLA in the TMDL.  The receiving 
stream is also impaired for E. coli a TMDL due in 2016.  This facility utilizes ultraviolet disinfection and is required 
to monitor E. coli on a frequent basis.  The facility has been meeting its limit and is not believed to be contributing to 
the impairment.  The segment containing the discharge was included in Attachment C (Plaintiff's list of waters that 
were added to the 303(d) list in 2002) for pH.  In 2008, the pH parameter was submitted for delist.  This segment 
was included in Attachment C (Plaintiff's list of waters that were added to the 303(d) list in 2002) for pH.  In 2008, 
the pH parameter, first listed in 2002, was submitted for delist.  If delisting is not approved by EPA, TMDL due date 
is 2010. 
      

 TMDL Reopener: This special condition is to allow the permit to reopened if necessary to bring it in compliance 
with any applicable TMDL that may be developed and approved for the receiving stream. 
 
 

21. 27. Additional Comments: 
Previous Board Action(s): None. 
 
Staff Comments: This permitting action was delayed due to staff workload and negotiations with PWCSA over the 
weekly ammonia limits during the April – October monitoring period. 
 
Public Comment: None.  Comments were only received from the permittee. 
 
EPA Checklist: The checklist can be found in Attachment 9. 
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 Development of the Policy for the Potomac River Embayments (9 VAC 25-415-10):   

 
The State Water Control Board adopted the Potomac Embayment Standards (PES) in 1971 to address serious nutrient 
enrichment problems evident in the Virginia embayments and Potomac River at the time.  These standards applied to 
sewage treatment plants discharging into Potomac River embayments in Virginia and for expansions of existing plants 
discharging into the non-tidal tributaries of these embayments.  The standards were actually effluent limitations for 
BOD, unoxidized nitrogen, total phosphorus, and total nitrogen: 
 
                                        Parameter                             PES Standard (monthly average)                                         
                                            BOD5                                           3 mg/L 
                                   Unoxidized Nitrogen                            1 mg/L (April – October) 
                                    Total Phosphorus                                 0.2 mg/L 
                                    Total Nitrogen                                     1 mg/L (when technology is available) 
 
Based upon these standards, several hundred million dollars were spent during the 1970s and 1980s upgrading major 
treatment plants in the City of Alexandria and the Counties of Arlington, Fairfax, Prince William, and Stafford.  Today, 
these localities operate advanced wastewater treatment plants which have contributed a great deal to the dramatic 
improvement in the water quality of the upper Potomac estuary. 
 
Before the planned upgrades at these facilities were completed, and the fact that water quality improved, questions 
arose over the high capital and operating costs that would result from meeting all of the requirements contained in the 
PES.  Questions also arose due to the fact that the PES were blanket effluent limitations that applied equally to 
different bodies of water.  Therefore, in 1978, the State Water Control Board committed to reevaluate the PES.  In 
1984, a major milestone was reached when the Virginia Institute of Marine Science (VIMS) completed state-of-the-art 
models for each of the embayments.  The Board then selected the Northern Virginia Planning District Commission 
(NVPDC) to conduct wasteload allocation studies of the Virginia embayments using the VIMS models.  In 1988, these 
studies were completed and effluent limits that would protect the embayments and the mainstem of the Potomac River 
were developed for each major facility. 
 
Since the PES had not been amended or repealed, VPDES permits had included the PES standards as effluent limits.  
Since the plants could not meet all of the requirements of the PES, the plant owners operated under consent orders or 
consent decrees with operating effluent limits for the treatment plants that were agreed upon by the owners and the 
Board. 
 
In 1991 and 1992, several Northern Virginia jurisdictions with embayment treatment plants submitted a petition to the 
Board requesting that the Board address the results of the VIMS/NVPDC studies.  Their petition requested revised 
effluent limitations and a defined modeling process for determining effluent limitations. 
 
The recommendations in the petition were designed to protect the extra sensitive nature of the embayments along with 
the Potomac River which have become a popular recreational resource during recent years.  The petition included 
requirements more stringent than would be applied using the results of the modeling/allocation work conducted in the 
1980s.  With the inherent uncertainty of modeling, the petitioners question whether the results of modeling would 
provide sufficient protection for the embayments.  By this petition, the local governments asked for continued special 
protection for the embayments based upon a management approach that uses stringent effluent limits.  They believe 
this approach has proven successful over the past two decades.  In addition the petition included a modeling process 
that will be used to determine if more stringent limits are needed in the future due to increased wastewater discharges. 
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The State Water Control Board adopted the petition, with revisions, as a regulation on September 12, 1996.  The 
regulation is entitled Policy for the Potomac River Embayments (9 VAC25-415-10).  On the same date, the Board 
repealed the old PES.  The new regulation became effective on April 3, 1997, and contains the following effluent 
limits: 
 
                                        Parameter                             PES Standard (monthly average)                                         
                                            cBOD5                                          5 mg/L 
                                             TSS                                              6 mg/L  
                                    Total Phosphorus                                  0.18 mg/L 
                                   Ammonia as Nitrogen                           1 mg/L (April - October) 
 
9 VAC 25-415-50 Water Quality Monitoring.  The Policy says “that water quality models may be required to predict 
the effects of wastewater discharges on the water quality of the receiving waterbody, the embayment, and the 
Potomac River.  The purpose of the modeling shall be to determine if more stringent limits than those required by 9 
VAC 25-415-40 (the Policy’s effluent limitations) are required to meet water quality standards.” 
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Cbpfdk^qba Tpb Bofqbof^ Blk`bkqo^qflk.Cro^qflk Sbjmlo^i @mmif`^qflk

6,a^v jb^k= 5 jdiK
Lfdo^qlov cfpe pm^tkfkd ^ka Xqfa^ie^_fq^qp tfqe /,/-4 mmq p^ifkfqva Eb_or^ov 0 , L^v 20kropbov

Hkpq^kq^kblrp jfkfjrj= 4 jd.K

2/,a^v jb^k= 4-4 jd.K
Xqfa^ie^_fq^qp tfqe /,/-4 mmq p^ifkfqva

2/,a^v jb^k= 4 jd.K
Xqfa^ie^_fq^qp tfqe =/-4 mmq p^ifkfqva

Nmbk,t^qbo0-1 6,a^v jb^k= 3 jdiK Xb^o,olrka

Hkpq^kq^kblrp jfkfjrj= 2-1 jd.K ^q
qbjmbo^qrobp : 29°C

Hkpq^kq^kblrp jfkfjrj= 3-2 jd.K ^q
qbjmbo^qrobp= 29°C
2/,a^v jb^k =2 jdiK

Cbbm,t^qbo H,a^v jb^k= 1-2 jd.K Irkb H,Rbmqbj_bo 2/

Hkpq^kq^kblrp jfkfjrj= 0-6 jd.K

Cbbm,`e^kkbi Hkpq^kq^kblrp jfkfjrj= 0 jdiK Irkb H,Rbmqbj_bo 2/

ZRbb pr_pb`qflk ^^ lc8 U@B 14,15/,20/ clo pfqb pmb`fcf` pb^plk^i lmbk,t^qbo afpplisba luvdbk `ofqbof^
^mmif`^_ib ql qeb qfa^i L^qq^mlkf ^ka O^jrkhbv Qfsbop ^ka qebfo qfa^i qof_rq^ofbp-

1Hk ^mmivfkd qefp lmbk,t^qbo fkpq^kq^kblrp `ofqboflk ql qeb Bebp^mb^hb A^v ^ka fqp qfa^i qof_rq^ofbp tebob
qeb bufpqfkd t^qbo nr^ifqv clo afpplisba luvdbk bu`bbap ^k fkpq^kq^kblrp jfkfjrj lc 2-1 jd.Kp qe^q
efdebo t^qbo nr^ifqv clo afpplisba luvdbk pe^ii _b molsfaba ^kqfabdo^a^qflk molqb`qflk fk ^``loa^k`b
tfqe pb`qflk 2/ pr_pb`qflk @-1 lc qeb V^qbo Pr^ifqv Rq^ka^oap-
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Qpna]i Gjbkni]pekj
Ka]j F]n`jaoo &]o A]A.1' ;
7.# Railan]pqna &?jjq]h' ;
7.# Railan]pqna &Uap oa]okj' ;
7.# K]teiqi lF ;
/.# K]teiqi lF ;
Rean Baoecj]pekj &/ kn 0' ;

Nq^he_ U]pan Qqllhu &NUQ' Y/N? =

Rnkqp Nnaoajp Y/N? =

C]nhu Jeba Qp]cao Nnaoajp Y/N? =

mg/L

`ac A

`ac A

QS

SU

Qpna]i Dhkso
/./. &?jjq]h' ;
5./. &?jjq]h' <
1../. &?jjq]h' ;
/./. &Uap oa]okj' ;
1../. &Uap oa]okj'

1..3 <
F]nikje_ Ka]j ;
?jjq]h ?ran]ca ;

l KEB

l KEB

l KEB

l KEB

l KEB

l KEB

l KEB

n/a KEB

Ketejc Gjbkni]pekj
?jjq]h + /./. Ket ;

+5./. Ket <
+ 1../. Ket ;

Uap Qa]okj + /./. Ket ;

+ 1../. Ket ;

170 mg/L

1.,// `ac A

`ac A

620 QS

SU
02 KEB

Cbbhqajp Gjbkni]pekj
Ka]j F]n`jaoo &]o A]A.1' ;
7.# Rail &?jjq]h' <
7.# Rail &Uap oa]okj' ;
7.# K]teiqi lF ;
/.# K]teiqi lF ;
Beo_d]nca Dhks ;

/.. #

/.. #

/.. #

/.. #

/.. #

EP_P[TaT_ @]_gcnkqj` U]pan Oq]hepu Anepane] U]opahk]` ?hhk_]pekjo ?jpe`acn]`]pekj @]oaheja ?jpe`acn]`]pekj ?hhk_]pekjo B]`a AX[XaX\V 6ZZ]RPaX]\`

&qc-h qjhaoo jkpa`' Akja, ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ GFF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ G == &NUQ' G ==

6RT\P^aWT\T . ,, ,, j] 0,5C).1 ,, ,, j] 0,5C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,5C).1

6R_]ZTX\ . ,, ,, j] 5,6C).0 ,, ,, j] 5,6C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 5,6C).0

6R_fZ]\Xa_XZTR . ,, ,, j] 4,4C)MM ,, ,, j] 4,4C)MM ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 4,4C)MM

?h`nej B . 1,.C)MM ,, j] /,2C+.1 1,.C)MM ,, j] /,2C+.1 ,, ,, ,, ,, ,, ,, ,, ,, 1,.C)MM ,, jk /,2C+.1
?iikje]+L &ichh' ,
&Wa]nhu' . 1,52C)MM 2,34C+./ j] ,, 1,5C)MM 2,4C+./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 1,5C)MM 2,4C+./ jk ,,
?iikje]+L &ic-h'
&Fecd Dhks' . 1,52C)MM /,03C)MM j] ,, 1,5C)MM /,0C)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 1,5C)MM /\0C)MM jk ,,
6\aW_PRT\T . ,, ,, j] /,/C).3 ,, ,, j] /,/C).3 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,/C).3

6\aX[]\f . ,, ,, j] 2,1C).1 ,, ,, j] 2,1C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2\1C).1

6_`T\XR / 1,2C).0 /,3C).0 j] ,, 1,2C).0 /,3C).0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 1,2C).0 /,3C).0 jk ,,
7P_Xb[ . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk ,,
7T\gT\T B . ,, ,, j] 5,/C).0 ,, ,, j] 5,/C).0 ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk 5\/C).0

7T\gXSX\TR . ,, ,, j] 3,2C+.1 ,, ,, j] 3,2C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 3\2C+.1

7T\g] JPYP\aW_PRT\T B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,7C+./

@ajvk &^' bhqkn]jpdaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,7C+./

@ajvk &g' bhqkn]jpdaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,7C+./

@ajvk &]' lunaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,7C+./

@eo0+Adhknkapduh Cpdan . ,, ,, j] /,2C)./ ,, ,, j] /,2C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,2C)./

@eo0+Adhknkeoklnkluh Cpdan . ,, ,, j] /,5C).3 ,, ,, j] /,5C).3 ,, ,, ,, ,, ,, ,, ,, ,, ,, -, jk /,5C).3

7_][]U]_[ B . ,, ,, j] 1,4C).1 ,, ,, j] 1,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 1,4C).1

@qpuh^ajvuhldpd]h]pa . ,, ,, j] 3,0C).1 ,, ,, j] 3,0C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 3,0C).1

8PS[Xb[ . 5,/C)MM /,5C)MM j] ,, 5,/C)MM /,5C)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 5,/C)MM /,5C)MM jk ,-
8P_Q]\ ITa_PRWZ]_XST B . ,, ,, j] 2,2C)./ ,, ,, j] 2,2C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,2C)./

8WZ]_SP\T B . 0,2C)MM 2,1C+.1 j] 0,0C+.0 0,2C)MM 2,1C+.1 j] 0,0C+.0 ,, ,, ,, ,, ,, ,, ,, ,, 0,2C)MM 2,1C+.1 jk 0,0C+.0

Adhkne`a . 6,4C).3 0,1C).3 j] ,, 6,4C).3 0,1C).3 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 6,4C).3 0,1C).3 jk ,,
RPA . /,7C)./ /,/C)./ j] ,, /,7C)./ /,/C)./ j] ,, ,, -, ,, ,, ,, ,, ,, ,, /,7C)./ /,/C)./ jk -,
8WZ]_]QT\gT\T . ,, ,, j] 0,/C).2 ,, ,, j] 0,/C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,/C).2



EP_P[TaT_ @]_gcnkqj` U]pan Oq]hepu Anepane] LP`aTZ]PS 6ZZ]RPaX]\` ?jpe`acn]`]pekj @]oaheja ?jpe`acn]`]pekj ?hhk_]pekjo B]`a AX[XaX\V 6ZZ]RPaX]\`

&qc-h qjhaoo jkpa`' 8]\Tm ?_qpa G Adnkje_ GFF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NU3' G FF

A WZ]_]SXQ_][][TaWP\T B . ,, ,, j] 1,2C).0 ,, ,, j] 1,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 1,2C).0

8WZ]_]U]_[ B . ,, ,, j] 07C).2 ,, ,, j] 0,7C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- j] 0,7C).2

0+Adhknkj]ldpd]haja . ,, ,, j] 2,1C).1 ,, ,, j] 2,1C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- j] 2,1C).1

0+Adhknkldajkh . ,, ,, j] 2,.C).0 ,, ,, j] 2,.C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,.C).0

Adhknlunebko . 6,1C+.0 2/C+.0 j] ,, 6,1C+.0 2/C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, Q,1C+.0 2,/C+.0 j] ,,

Adnkieqi GGG . 6,6C).0 /,/C).0 j] ,, 6,6C).0 /,hC).0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, Q,QC).0 /,hC).0 j] ,,

Adnkieqi TG . /,4C)Mh /,hC)./ j] ,, /,4C)Mh /,hC)Mh j] ,, ,, ,, ,, ,, ,, ,, ,, ,, /,4C)Mh /,/C)Mh j] ,,

8W_][Xb[d I]aPZ . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,

8W_f`T\T B . ,, ,, j] 2,7C+Mh ,, ,, j] 2,7C+Mh ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,7C+Mh

Akllan . 0,0C)./ /,2C)./ j] ,, 0,0C)./ /,2C)./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 0,0C)Mh /,2C)Mh j] ,,

Au]je`a . 0,0C)./ 3,0C)MM j] 0,0C).3 0,0C)./ 3,0C)MM j] 0,0C).3 ,, ,, ,, ,, ,, ,, ,, ,, 0,0C)Mh 3,0C)MM j] 0,0C).3

BBB B . ,, ,, j] 6,2C+.1 ,, ,, j] 6,2C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] Q,2C+.1

BBC B . ,, ,, j] 37C+.1 ,, ,, j] 3,7C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 3,7C+.1

BBR B . /,/C)MM /,.C+.1 j] 3,7C+.1 /,/C)MM /.C+.1 j] 37C+.1 ,, ,, ,, ,, ,, ,, ,, ,, /,hC)MM /,.C+.1 j] 3,7C+.1

9T[Ta]\ . ,, /,.C+./ j] ,, ,, /,.C+Oh j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,.C+./ j] ,,

Be^ajv&]*d']jpdn]_aja B . ,, ,, j] 2,7C+O/ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, -, ,, j] 2,7C+Mh

Be^qpuh ldpd]h]pa . ,, ,, j] /,0C).2 ,, ,, j] /,0C).2 ,, ,, ,, ,, ,, ,, ,, ,, -, ]- j] /,0C).2

9XRWZ]_][TaWP\T
&Kapduhaja Adhkne`a' B . ,, ,, j] /,4C).2 ,, ,, j] /,4C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,- ,, j] /,4C).2

,d-h9XRWZ]_]QT\gT\T . ,, ,, j] /,5C).2 ,, ,, j] /,5C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,5C).2

,d.l9XRWZ]_]QT\gT\T . ,, ,, j] 0,4C).1 ,, ,, j] 0,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, j] 0,4C).1

,d/l9XRWZ]_]QT\gT\T . ,, ,, j] 0,4C).1 ,, ,, j] 0,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,4C).1

.d.l9XRWZ]_]QT\gXSX\T B . ,, ,, j] 55C+Mh ,, ,, j] 5,5C+O/ ,, ,, ,, ,, ,, ,, ,, ,, ,- ,, j] 5,5C+Mh

9XTWZ]_]Q_][][TaWP\T B . ,, ,, j] 24C).0 ,, ,, j] 2,4C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, -, j] 2,4C).0

,d-l9XRWZ]_]TaWP\T B . ,, ,, j] 7,7C).0 ,, ,, j] 7,7C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 7,7C).0

/*/+Be_dhknkapduhaja . ,, ,, j] /,5C).2 ,, ,, j] /,5C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,5C).2

,d-la_P\`lSXRWZ]_]TaWfZT\T . ,, ,, j] /,2C).3 ,, ,, j] /,2C).3 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,2C).3

0*2+Be_dhknkldajkh . ,, ,, j] 5,7C).0 ,, ,, j] 5,7C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 5,7C).0

0*2+Be_dhknkldajktu
]_ape_ ]_e` &0*2+B' . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,

/*0+Be_dhknklnkl]ja_ . ,, ,, j] 1,7C).0 ,, ,, j] 1,7C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- j] 1,7C).0

/*1+Be_dhknklnklaja . ,, ,, j] /,5C).1 ,, ,, j] /,5C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,5C).1

9XTZS_X\ B . 0,2C+./ 34C+.0 j] /,2C+.1 0,2C+./ 3,4C+.0 j] /,2C+.1 ,, ,, ,, ,, ,, ,, ,, ,, 0,2C+Mh 3,4C+.0 j] /,2C+.1

Beapduh Ndpd]h]pa . ,, ,, j] /,0C).3 ,, ,, j] /,0C).3 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,0C).3

Be+0+Cpduhdatuh Ndpd]h]pa B . ,, ,, j] 3,7C)./ ,, ,, j] 3,7C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 3,7C)Mh

0*2+Beiapduhldajkh . ,, ,, j] 0,1C).1 ,, ,, j] 0,1C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,1C).1

Beiapduh Ndpd]h]pa . ,, ,, j] 0,7C).4 ,, ,, j] 0,7C).4 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,7C).4

Be+j+@qpuh Ndpd]h]pa . ,, ,, j] /,0C).2 ,, ,, j] /,0C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,0C).2

0*2 Bejepnkldajkh . ,, ,, j] /,2C).2 ,, ,, j] /,2C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,2C).2

0+Kapduh+2*4+Bejepnkldajkh . ,, ,, j] 5,43C).0 ,, ,, j] 5,5C).0 ,, ,, ,, ,, ,, ,, ,, ,, \, ,, j] 5,5C).0

-d/l9X\Xa_]a]ZbT\T B . ,, ,, j] 7,/C)./ ,, ,, j] 7,/C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 7,/C)Mh
BGMVej &0*1*5*6+
aTa_PRWZ]_]SXQT\g]l^lSX]eX\Y
&llm' . ,, ,, j] /,0C+.4 ,, ,, j] j] ,, ,, ,, ,, ,, ,, ,, ,, ,, -, j] j]

/*0+Beldajuhdu`n]veja_ . ,, ,, j] 3,2C)MM ,, ,, j] 3,2C)MM ,, ,, ,, ,, ,, ,, ,, ,, ,, -, j] 3,2C)MM

?hld]+Cj`koqhb]j . 0,0C+./ 3,4C+.0 j] 0,2C).0 0,0C+./ 3,4C+.0 j] 0,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, 0,0C+Mh 3,4C+.0 j] 0,2C).0

@ap]+Cj`koqhb]j . 0,0C+./ 3,4C+.0 j] 0,2C).0 0,0C+./ 34C+.0 j] 0,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, 0,0C+Mh 3,4C+.0 j] 0,2C).0

Cj`koqhb]j Qqhb]pa . ,, ,, j] 0,2C).0 ,, ,, j] 0,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,2C).0

:\S_X\ . 64C+.0 14C+.0 j] 6,/C+./ 6,4C+.0 1,4C+.0 j] 6/C+./ ,, ,, ,, ,, ,, ,, ,, ,, Q,4C+.0 1,4C+.0 j] Q,hC+Mh

Cj`nej ?h`adu`a . ,, ,, j] 6/C+./ ,, ,, j] 6,/C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] Q,hC+Mh



EP_P[TaT_ @]_gcnkqj` U]pan Oq]hepu Anepane] U]opahk]` ?hhk_]pekjo 6\aXSTV_PSPaX]\ 7P`TZX\T ?jpe`acn]`]pekj ?hhk_]pekjo B]`a AX[XaX\V 6ZZ]RPaX]\`

&qc-G qjhaoo jkpa`' 8]\T 6RbaT G Adnkje_ GFF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ GFF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa > 5PYVUQK > == &NUQ' G ==

Cpduh^ajvaja . ,, ,, j] 0,7C).2 ,, ,, j] 0,7C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI 0,7C).2

;Zb]_P\aWT\T . ,, ,, j] 1,5C).0 ,, ,, j] 1,5C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI 1,5C).0

;Zb]_T\T . ,, ,, j] /,2C).2 ,, ,, j] /,2C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI /,2C).2

;]P[X\V 6VT\a` . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI ,,
Eqpdhkj . ,, /,.C+.0 j] ,, ,, /,.C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,.C+.0 UI ,,
=T^aPRWZ]_ B . 3,0C+./ 1,6C+.1 j] 0,/C+.1 30C+./ 1,6C+.1 j] 0/C+.1 ,, ,, ,, ,, ,, ,, ,, ,, 3,0C+./ 1,6C+.1 UI 0,/C+.1

Falp]_dhkn Clkte`a_ . 30C+./ 1,6C+.1 j] /,/C+.1 30C+./ 16C+.1 j] /,/C+.1 ,, ,, ,, ,, ,, ,, ,, ,, 3,0C+./ 1,6C+.1 UI /,/C+.1

=TePRWZ]_]QT\gT\TR . ,, ,, j] 5,5C+.1 ,, ,, j] 5,5C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI 5,5C+.1

=TePRWZ]_]QbaPSXT\TR . ,, ,, j] 3,.C).0 ,, ,, j] 3,.C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI 3,.C).0

=TePRWZ]_]RfRZ]WTeP\T

?hld]+@FA_ . ,, ,, j] /,1C+./ ,, ,, j] /,1C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI /,1C+./

=TePRWZ]_]RfRZ]WTeP\T

@ap]+@FA_ . ,, ,, j] 2,4C+./ ,, ,, j] 2,4C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI 2,4C+./

=TePRWZ]_]RfRZ]WTeP\T
E]ii]+@FA_ &Jej`]ja' . 7,3C+./ j] j] 4,1C+./ 7,3C+./ ,, j] 4,1C+./ ,, ,, ,, ,, ,, ,, ,, ,, 7,3C+./ ,, UI 4,1C+./

=TePRWZ]_]RfRZ]^T\aPSXT\T . ,, ,, j] /,5C).2 ,, ,, j] /,5C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,5C).2

=TePRWZ]_]TaWP\TR . ,, ,, j] 6,7C)./ ,, ,, j] 6,7C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 6,7C)./

Fu`nkcaj Qqhbe`a . ,, 0,.C)MM j] ,, ,, 0,.C)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, 0,.C)MM j] ,,
Gj`ajk &/ *0*1+_`' lunaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,7C+./

>_]\ . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,

>`]^W]_]\T B . ,, ,, j] 0,4C).2 ,, ,, j] 0,4C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,4C).2

@T^]\T . ,, M,MC)MM j] ,, ,, M,MC)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, M,MC)MM j] ,,
Ja]` . 0,1C).0 0,5C)./ j] ,, 0,1C).0 0,5C)./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 0,1C).0 0,5C)./ j] ,,
K]h]pdekj . ,, /,.C+./ j] ,, ,, /,.C+./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,.C+./ j] ,,
BP\VP\T`T . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI ,,
BT_Rb_f . /,2C)MM 5,5C+./ j] 3,/C+.0 /,2C)MM 5,5C+./ j] 3,/C+.0 ,, ,, ,, ,, ,, ,, ,, ,, /,2C)MM 5,5C+./ UI 3,/C+.0

Kapduh @nkie`a . ,, ,, j] 2,.C).1 ,, ,, j] 2,.C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,.C).1

Kapdktu_dhkn . ,, 1,.C+.0 j] ,, ,, 1,.C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, 1,.C+.0 j] ,,
BX_Te . ,, M,MC)MM j] ,, ,, M,MC)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, M,MC)MM j] ,,
B]\]RWZ]_]QT\gT\T . ,, ,, j] 0,/C).2 ,, ,, j] 0,/C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,/C).2

Le_gah . 0,7C).0 10C)./ j] 2,4C).1 0,7C).0 1,0C)./ j] 2,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, 0,7C).0 1,0C)./ j] 2,4C).1

Lepn]pa &]o L' . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,
CXa_]QT\gT\T . ,, ,, j] /,7C).1 ,, ,, j] /,7C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,7C).1

ClCXa_]`]SX[TaWfZP[X\T B . ,, ,, j] 6,/C)./ ,, ,, j] 6,/C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI 6,/C)./

ClCXa_]`]SX^WT\fZP[X\T B . ,, ,, j] /,4C).0 ,, ,, j] /,4C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI /,4C).0

ClCXa_]`]SXl\l^_]^fZP[X\T B . ,, ,, j] /,2C)./ ,, ,, j] /,2C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI /,2C)./

EP_PaWX]\ . 4,3C+.0 /,1C+.0 j] ,, 4,3C+.0 /,1C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 4,3C+.0 /,1C+.0 UI ,,
NA@+/./4 . ,, /,2C+.0 j] ,, ,, /,2C+A0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 UI ,,
NA@+/00/ . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 UI ,,
NA@+/010 . ,, /,2C+.0 j] ,, ,, /,2C+A0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 UI ,,
NA@+/020 . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 UI ,,

NA@+/026 . ,, /,2C+.0 j] ,, ,, /,2C+A0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 UI ,,
NA@+/032 . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 UI ,,
NA@+/04. . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 UI ,,
NA@ Rkp]hB . ,, ,, j] /,5C+.1 ,, ,, j] /,5C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, UI /,5C+.1



EP_P[TaT_ 7PRYV_]b\S U]pan Oq]hepu Anepane] U]opa hk]` ?hhk_]pekjo 6\aXSTV_PSPaX]\ 7P`TZX\T 6\aXSTV_PSPaX]\ 6ZZ]RPaX]\` B]`a AX[XaX\V 6ZZ]RPaX]\`

&qc-G qjhaoo jkpa`' 8]\T 6RbaT G Adnkje_ GFF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ GFF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ G :: &NU3' G ::
ET\aPRWZ]_]^WT\]Z B . 55C+.1 3,7C+.1 j] 60C)./ 5,5C+.1 3,7C+.1 j] 60C)./ ,, ,, ,, ,, ,, ,, ,, ,, 5,5C+.1 3,7C+.1 j] 6,0C)./

Ndajkh . ,, ,, j] 24C).4 ]- ,, j] 2,4C).4 ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- j] 2,4C).4

^f_T\T . ,, ,, j] /,/C).2 ,, ,, j] /,/C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,/C).2
P]`ekjq_he`ao &lAe-/
at_alp @ap]-Ndkpkj' . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,

Enkoo ?hld] ?_perepu . ,, ,, j] /,3C)./ ,, ,, j] /,3C)./ ,, ,, ,, ,, ,, ,, ,, ,, -, ,, j] /,3C)./
@ap] ]j` Ndkpkj ?_perepu

&inai-un' . ,, ,, j] 2,.C).. ,, ,, j] 2,.C).. ,, ,, ,, -, ,, ,, ,, ,, ,, ,, j] 2,.C)MM

Ha_]\aXb[lVD . ,, ,, j] 6.C).. ,, ,, j] 6,.C).. ,, ,, ,, -, ,, ,, ,, ,, ,, ,, j] 6,.C)MM

I_XaXb[ . ,, ,, j] 0,.C).2 ,, ,, j] 0,.C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, -, j] 0,.C).2

HTZT\Xb[ . 0,.C)./ 3,.C).. j] /,/C).2 0,.C)./ 3,.C).. j] /,/C).2 ,, ,, ,, ,, ,, ,, ,, ,, 0,.C)./ 3,.C)MM j] /,/C).2

Qehran . 6,4C).. ,, j] ,, 6,4C).. ,, j] ,, ,, ,, ,, ,, ,, -, ,, ,, 6,4C)MM ,, j] ,,
Qqhb]pa . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,
/*/*0,0+Rapn]_dhknkapd]jaB . ,, ,, j] /,/C).0 ,, ,, j] /,/C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,/C).0

I Ta_PRWZ]_]TaWfZT\T5
. ,, ,, j] 6,7C)./ ,, ,, j] 6,7C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 6,7C)./

Rd]hheqi . ,, ,, j] 4,1C).. ,, ,, j] 4,1C).. ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 4,1C)MM

I]ZbT\T . ,, ,, j] 0,.C).3 ,, ,, j] 0,.C).3 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,.C).3

I]aPZ SX``]ZcTS `]ZXS` . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,
I]eP^WT\T B . 5,1C+./ 0,.C+.2 j] 53C+.1 5,1C+./ 0,.C+.2 j] 5,3C+.1 ,, ,, ,, ,, ,, ,, ,, ,, 5,1C+./ 0,.C+.2 j] 5,3C+.1

Rne^qpuhpej . 24C+./ 4,1C+.0 j] ,, 2,4C+./ 4,1C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 2,4C+./ 4,1C+.0 j] ,,
,d-d/lI_XRWZ]_]QT\gT\T . ,, ,, j] 72C).0 ,, ,, j] 72C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 7,2C).0

/*/*0+Rne_dhknkapd]jaB . ,, j] 20C).0 ,, ,, j] 2,0C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,0C).0

I_XRWZ]_]TaWfZT\T B . ,, ,, j] 6,/C).0 ,, ,, j] 6/C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 6,/C).0

-d/d1lI_XRWZ]_]^WT\]Z ` . ,, ,, j] 4,3C)./ ,, ,, j] 4,3C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 4,3C)./
0+&0* 2,3+ Rne_dhknkldajktu'
^_]^X]\XR PRXS JHXZcTeY . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,
Tejuh Adhkne`a_ . ,, ,, j] 4,/C)./ ,, ,, j] 4,/C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 4,/C)./

NX\R . /,6C).0 /,7C).0 j] 47C).2 /,6C).0 /,7C).0 j] 4,7C).2 ,, ,, ,, ,, ,, ,, ,, ,, /,6C).0 /,7C).0 j] 4,7C).2

C]aT`

,m6ZZ R]\RT\a_PaX]\` Te^_T``TS P` [XR_]V_P[`tZXaT_ JbVtZYdb\ZT`` \]aTS ]aWT_dX`T

9X`RWP_VT UZ]d X` WXVWT`a []\aWZf PcT_PVT ]_ ;]_[ -8 [PeX[b[ U]_ >\Sb`a_XT` P\S ST`XV\ UZ]d U]_ Bb\XRX^PZ`

BTaPZ` [TP`b_TS P` 9X``]ZcTSd b\ZT`` `^TRXUXTS ]aWT_dX`T

'8' X\SXRPaT` P RP_RX\]VT\XR ^P_P[TaT_

GTVbZP_ LA6` P_T [P`` QPZP\RT` J[X\b` QPRYV_]b\S R]\RT\a_PaX]\Y b`X\V aWT - ]U `a_TP[ UZ]d T\aT_TS PQ]cT b\ST_ BXeX\V >\U]_[PaX]\m

6\aXSTV_PSPaX]\ LA6` P_T QP`TS b^]\ P R][^ZTaT [Xem

4, ?jpe`ac @]oaheja x &.,03&UOA ^]_gcnkqj` _kja,' ) ^]_gcnkqj` _kja,' bkn ]_qpa ]j` _dnkje_

x &.,/ &UOA + ^]_gcnkqj` _kja' ) ^]_gcnkqj` _kja,' bkn dqi]j da]hpd

5, UJ?o aop]^heoda` ]p pda bkhhksejc opna]i bhkso8 /O/. bkn ?_qpa, 1.O/. bkn Adnkje_ ?iikje], 5O/. bkn Mpdan Adnkje_, 1.O3 bkn Lkj+_]n_ejkcajo,

=P_[]\XR BTP\ U]_ 8P_RX\]VT\`d P\S 6\\bPZ 6cT_PVT U]_ 9X]eX\m BXeX\V _PaX]` [Pf QT `bQ`aXabaTS U]_ `a_TP[ UZ]d` dWT_T P^^_]^_XPaTm

Kap]h R]ncap T]hqa &QQRT'

6\aX[]\f 2,1C).1

6_`T\XR 7,.C)./

7P_Xb[ j]

8PS[Xb[ /.C)..

Adnkieqi GGG 4,7C)./

Adnkieqi VI 42C)..

Akllan 6,3C)..

>_]\ j]

Ja]` /,4C)./

BP\VP\T`T j]

BT_Rb_f 3,/C+.0

Le_gah /,7C)./

HTZT\Xb[ 1,.C)..

HXZcT_ 12C)..

NX\R 51C)./

C]aT5 S] \]a b`T FAI` Z]dT_ aWP\ aWT

[X\X[b[ FAI` ^_]cXSTS X\ PVT\Rf

VbXSP\RT



;G:H=L6I:G
L6I:G FJ6A>IM 8G>I:G>6 I L6HI:AD69 6AAD86I>DC 6C6AMH>H

Qpna]i Gjbkni]pekj

Ka]j F]n`jaoo &]o A]A.1' ;

7.# Railan]pqna &?jjq]h' ;

7.# Railan]pqna &Uap oa]okj' ;

7.# K]teiqi lF ;

/.# K]teiqi lF ;

Rean Baoecj]pekj &/ kn 0' ;

Nq^he_ U]pan Qqllhu &NUQ' WGL= ;

Rnkqp Nnaoajp WGL= ;

C]nhu Jeba Qp]cao Nnaoajp WGL= ;

ichJ

`ac A

`ac A

QS

SU

Qpna]i Dhkso Ketejc Gjbkni]pekj Cbbhqajp Gjbkni]pekj

/./. &?jjq]h' < l KEB ?jjq]h + /./. Ket < /.. # Ka]j F]n`jaoo &]o A]A.1' < /5. ichJ

5./. &?jjq]h' < l KEB +5./. Ket < /.. # 7.# Rail &?jjq]h' < `ac A

1../. &?jjq]h' < l KEB + 1../. Ket < /.. # 7.# Rail &Uap oa]okj' < //,4 `ac A

/./. &Uap oa]okj' < l KEB Uap Qa]okj + /./. Ket < /.. # 7.# K]teiqi lF < 6 QS

1../. &Uap oa]okj' l KEB + 1../. Ket < /.. # /.# K]teiqi lF < QS

1..3 < l KEB Beo_d]nca Dhks < 02 KEB

F]nikje_ Ka]j < l KEB

?jjq]h ?ran]ca < jh] KEB

N]n]iapan @]_gcnkqj` U]pan Oq]hepu Anepane] U]opahk]` ?hhk_]pekjo ?jpe`acn]`]pekj @]oaheja ?jpe`acn]`]pekj ?hhk_]pekjo B]`a AX[XaX\V 6ZZ]RPaX]\`

&qchh qjhaoo jkpa`' Akja, ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G AdnkjeA G FF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF

?_aj]lpdaja . ,, ,, j] 0,5C).1 ,, ,, j] 0,5C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,5C).1

?_nkhaej . ,, ,, j] 5,6C).0 ,, ,, j] 5,6C).0 ,, ,, ,, ,, ,, ,, ,, , ,, ,, jk 5,6C).0

?_nuhkjepnehaB . ,, ,, j] 4,4C)MM ,, , j] 4,4C)MM ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 4,4C)MM

?h`nej B . 1.C)MM ,, j] /,2C+.1 1,.C)MM ,, j] /,2C+.1 ,, ,, ,, ,, ,, ,, ,, ,, 1,.C)MM ,, jk /,2C+.1
?iikje]+L &ichh'
&Wa]nhu' . 6,2/C)MM 1,73C)MM j] ,, 6,2C)MM 2,.C)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 6,2C)MM 2,.C)MM jk ,,
?iikje]+L &ichh' , , +
&Fecd DhMU' . 6,2/C)MM 0,72C)MM j] ,, 6,2C)MM 0,7C)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, Z( 6,2C)MM 0,7C)MM . jk ,,
?jpdn]_aja . /,/C).3 /,/C).3

,,,,,
/,/C).3,, ,, j] ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk

?jpeikju . ,, ,, j] 2,1C).1 ,, , j] 2,1C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,1C).1

?noaje_ ^ 1,2C).0 /,3C).0 j] ,, 1,2C).0 /,3C).0 j] ,, ,, ,, ,, ,, ,, ,, ,, 1,2C).0 /,3C).0 jk ,,
@]neqi . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, , ,, ,, ,, ,, ,, ,, jk ,,
@ajvaja B . ,, ,, j] 5,/C).0 ,, ,, j] 5,/C).0 , ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 5,/C).0

@ajve`eja_ . ,, ,, j] 3,2C+.1 ,, ,, j] 3,2C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 3,2C+.1

Q]jvk &]' ]jpdn]_aja B . ,, ,, j] 27C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,7C+./

@ajvk &^' b/qkn]jpdaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,7C+./

@ajvk &g' bhqkn]jpdaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+O/ , ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,7C+./

@ajvk &]' lunaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, , ,, ,, ,, ,, ,, ,, ,, ,, jk 2,7C+./

@eo0+Adhknkapduh Cpdan . ,, ,, j] /,2C)./ ,, ,, j] /,2C)./ ,, ,, ,, ,, , , ,, ,, ,, ,, jk /,2C)./

@eo0+AdhknMeoklnkluh Cpdan . ,, ,, j] /,5C).3 ,, ,, j] /,5C).3 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,5C).3

@nkikbkni B . ,, ,, j] 1,4C).1 ,, ,, j] 1,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 1,4C).1

@qhuh^ajvuhldpd]h]pa . ,, ,, j] 3,0C).1 ,, ,, j] 3,0C).1 ,, , ,, ,, , ,, ,, ,, ,, ,, jk 3,0C).1

A]`ieqi . 5,/C)MM /,5C)MM j] ,, 5,/C)MM /,5C)MM j] , ,, ,, , ,, ,, ,, ,, ,, 5,/C)MM /,5C)MM jk ,,
A]n^kj Rapn]_dhkne`a B . ,, ,, j] 2,2C)./ ,, ,, j] 2,2C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,2C)./

Adhkn`]ja B . 0,2C)MM 2,1C+.1 j] 0,0C+.0 0,2C)MM 2,1C+.1 j] 0,0C+.0 ,, ,, ,, ,, ,, ,, ,, ,, 0,2C)MM 2,1C+.1 jk 0,0C+.0

Adhkj`a . 64C).3 0,1C).3 j] ,, 6,4C).3 0,1C).3 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 6,4C).3 0,1C)MQ jk ,,
RPA . /,7C)./ /,/C)./ j] ,, /,7C)./ /,/C)./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, /,7C)./ /,/C)./ jk ,,
Adhknk^ajvaja . ,, ,, j] 0, /C).2 ,, ,, j] 0,/C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,/C).2



EP_P[TaT_ @]_gcnkqj` U]pan Oq]hepu Anepane] U]opahk]` ?hhk_]pekjo 6\aXSTV_PSPaX]\ 7P`TZX\T ?jpe`acn]`]pekj ?hhk_]pekjo Kkop Jeiepejc ?hhk_]pekjo

&qc-h qjhaoo jkpa`' 8]\Rm ?_qpa G Adnkje_ RFF &NsoeR FF 6RbaT G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G == &NUQ' G ==

8WZ]_]SXQ_][][TaWP\T B . ,, ,, j] 1,2C).0 ,, ,, j] 1,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, j] 1,2C).0

8WZ]_]U]_[ B . ,, ,, j] 0,7C).2 ,, ,, j] 0,7C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,7C).2

0+Adhknkj]ldpd]haja . ,, ,, j] 2,1C).1 ,, ,, j] 2,1C).1 ,, ,, ,, ,, ,, -, ,, ,, ,, ,, j] 2,1C).1

0+Adhknkldajkh . ,, ,, j] 2,.C).0 ,, ,, j] 2.C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,.C).0

Adhknlunebko . 6,1C+.0 2, /C+.0 j] ,, 61C+.0 2,/C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 6,1C{.0 2,/C+.0 j] -,

Adnkieqi ehh . 6,6C).0 /,/C).0 j] ,, 6,6C).0 /,/C).0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 6,6C).0 /,/C).0 j] ,,

8W_][Xb[ K> . /,4C)./ /,/C)./ j] ,, /,4C)./ /,/C)./ j] ,, ,, ,, ,, ,, ,, ]- -, ,, /,4C)./ /,/C)./ j] ]-

8W_][Xb[d I]aPZ . ,, ,, j] ,, ,- ,, j] ,, ,, ,, ,, ,, ]- ,, ,, -, ,, ,, j] ,,
Adnuoaja B . ,, ,, j] 27C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- j] 2,7C+./

Akllan . 0,0C)./ /,2C)./ j] ,, 0,0C)./ /,2C)./ j] ,, ,, ,, ,, ,, -, ,, ,, ,, 0,0C)./ /,2C)./ j] -,

Au]je`a . 0,0C)./ 3,0C)MM j] 0,0C).3 0,0C)./ 3,0C)MM j] 0,0C).3 ,, ,, ,, ,, ,, ,, ,, ,, 0,0C)./ 3,0C)MM j] 0,0C).3

MBB _ . ,, ,, j] 6,2C+.1 ,, -, j] 6,2C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 6,2C+.1

BMC B . ,, ,, j] 37C+.1 ,, ,, j] 3,7C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, -, j] 3,7C+.1

BBR_ . /,/C)MM /,.C+.1 j] 37C+.1 //C)MM /,.C+.1 j] 3,7C+.1 ,, ,, ,, ,, ,, ,, ]- ,, /,/C)MM /,.C+.1 j] 3,7C{.1

9T[Ta]\ . ,, /.C+./ j] ,, ,, /,.C+./ j] ,, ,, ]- ,, ,, ,, ,, ,, ,, ,, /,.C+./ j] ]-

Be^ajv&],d']jpdn]_aja B . ,, j] 2,7C+./ -, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, -, j] 2,7C+./

Be^qpuh ldpd]h]pa . ,, ,, j] /,0C).2 ,, ,, j] /,0C).2 ,, ,, ,, ,, ,, ]- ,- ,, ,, ,, j] /,0C).2

9XRWZ]_][TaWP\T
&Kapduhaja AdhMne`a' B . ,, ,, j] /,4C).2 ,, ,, j] /,4C).2 -, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,4C).2

,d-l9XRWZ]_]QT\gT\T . ,, ,, j] /,5C).2 ,, ,, j] /,5C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,5C).2

,d.l9XRWZ]_]QT\gT\T . ,, ,, j] 0,4C).1 ,, ,, j] 0,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,4C).1

,d/l9XRWZ]_]QT\gT\T . ,, ]- j] 0,4C).1 ,, ,, j] 0,4C).1 ,, ,, -, ,, -, ,, ,, ,, ]- ,, j] 0,4C).1

.d.l9XRWZ]_]QT\gXSX\T B . ,, ,, j] 5,5C+./ ,, ,, j] 5,5C+./ ,- ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 5,5C+./

9XRWZ]_]Q_][][TaWP\T ` . ,, ,, j] 2,4C).0 ,, ,, j] 2,4C).0 ,, ,, ,, ,- ,, ,, ,, ]- ,, ,, j] 2,4C).0

, d-l9XRW?]_]TaWP\T ` . ,, ,, j] 7,7C).0 ,, ,, j] 7,7C).0 ]- ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 7,7C).0

/*/+Be_dhknkapduhaja . ,, ,, j] /,5C).2 ,, ,, j] /,5C).2 ,, ,, ,, ,, ,, ,- ,, ,, ,, ]- j] /,5C).2

/*0+pn]jo+`e_dhknkapduhaja . ,, ,, j] /,2C).3 -, ,, j] /,2C).3 ,, ]- ,, ,, ,, ,, ,, ,, ,, ,, j] /,2C).3

0*2+Be_dhknkldajkh . ,, ,, j] 5,7C).0 ,, ,, j] 5,7C).0 ,, ,, ,, ,, ,, ,, ,, ,, -, ,, j] 5,7C).0

0*2+Be_dhknkldajktu
]_ape_ ]_e` &0*2+.' . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ]- ,, ,, ,, ,, ,, ,, j] ,,
/,0+Be_dhknklnkl]ja_ . ,, ,, j] 1,7C).0 ,, ,, j] 1,7C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 1,7C).0

/*1+Be_dhknklnklaja . ,, ,, j] /,5C).1 ,, ,, j] /,5C).1 ,, ,, ,, ,, -, ,, ,, ,, ,, ,, j] /,5C).1

9XTZS_X\ B . 0,2C+./ 3,4C+.0 j] /,2C+.1 0,2C+./ 3,4C+.0 j] /,2C+.1 ,, ,, ,, ,, ,, ,, ,, -, 0,2C+./ 3,4C+.0 j] /,2C+.1

Beapduh Ndpd]h]pa . ,, ,, j] /,0C).3 ,, ,, j] /,0C).3 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,0C).3

Be+0+Cpduhdatuh Ndpd]h]pa B . ,, ,, j] 3,7C)./ -, ,, j] 3,7C)./ ,, ,, ,, ,, ,, ,, -, ,, ,, ,, j] 3,7C)./

0*2+Beiapduhldajkh . ,, ,, j] 0,1C).1 ,, ,, j] 0,1C).1 ,, ,, ,, -, ,, ,, ,, ,, ,, -, j] 0,1C).1

Beiapduh Ndpd]h]pa . ,, ,, j] 0,7C).4 ,, ,, j] 0,7C).4 ,, ]- ,, ,, -, ,, ,, ,, ,, ,, eh] 0,7C).4

Be+j+@qpuh Ndpd]h]pa . ,, ,, j] /,0C).2 ,, ,, j] /,0C).2 -, ,, ,, ,, ,, ,, ,, ]- ]- ]- j] /,0C).2

0*2 Bejepnkldajkh . ,, ,, j] /,2C).2 ,, ,, j] /,2C).2 ,, ,, ,, ,, ,, ,- ,, ,, ,, -, j] /,2C).2

0+Kapduh+2*4+Bejepnkldajkh . ,, ,, j] 5,43C).0 ,, ,, j] 5,5C).0 ,, -, ,, ,, ,, ,, ,, ,, ,, ,, j] 5,5C).0

-d/l9X\Xa_]a]ZbT\T B . ,, ,, j] 7,/C)./ ,, -, j] 7,/C)./ ,, ,, ,, ,, -, ,, ,, ,, ,, ,, j] 7,/C)./

BGktej &0*1*5*6+
aTa_PRWZ]_]SXQT\g]l^lSX]eX\Y
&llm' . ,, ,, j] /,0C+.4 -, ,, j] j] ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, j] j]

/*0+Beldajuhdu`n]XejaB . ,, ,- j] 3,2C)MM ,, ,, j] 3,2C)MM ,- ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 3,2C)MM

?hld]+Cj`koqhb]j . 00C{./ 3,4C+.0 j] 0,2C).0 0,0C+./ 3,4C+.0 j] 0,2C).0 ,, ,, ,, ,, ,, ,, ,, 0,0C{./ 3,4C+.0 j] 0,2C).0

7TaPl:\S]`bZUP\ . 0,0C+./ 3,4C+.0 j] 0,2C).0 0,0C+./ 3,4C{.0 j] 0,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, 0,0C+./ 3,4C+.0 j] 0,2C).0

:\S]`bZUP\ HbZUPaT . ,, ,, j] 0,2C).0 ,, -, j] 0,2C).0 ,, ,, ]- ,, ,, ,, ,, ,, ,, ,, j] 0,2C).0

Cj`nhj . 6,4C+.0 1,4C+.0 j] 6,/C+./ 6,4C+.0 1,4C{.0 j] 6,/C+./ ,, ,, ]- ,, ,- ,, ,, ,, 6,4C+.0 1,4C+.0 j] 6,/C{./

Cj`nej ?h`adu`a . ,, ,, j] 6,/C+./ ,, -, j] 6,/C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, -, j] 6,/C+./



EP_P[TaT_ 7PRYV_]b\S U]pan Oq]hepu Anepane] U]opahk]` ?hhk_]pekjo ?jpe`acn]`]pekj @]oaheja ?jph`acn]`]pekj ?hhk_]pekjo B]`a AX[XaX\V 6ZZ]RPaX]\`

&qc-h qjhaoo jkpa`' 8]\T ?_qpa G Adnkje_ GFF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NU3' G FF

Cpduh^ajvaja . ,, ,, j] 0,7C).2 ,, ,, j] 0,7C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,7C).2

;Zb]_P\aWT\T . ,, ,, j] 1,5C).0 ,, ,, j] 1,5C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 1,5C).0

;Zb]_T\T . ,, ,, j] /,2C).2 ,, ,, j] /,2C).2 ,, ,, ,, ,, ,, ,, ,, ,, ]- -, jk /,2C).2

Dk]iejc ?cajpo . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk ,,
Eqpdekj . ,, /,.C+.0 j] ,, ,, /,.C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,.C+.0 jk ,,

=T^aPRWZ]_ B . 30C+./ 1,6C+.1 j] 0/C+.1 30C+Mh 1,6C+.1 j] 0,/C+.1 ,, ,, ,, ,, ,, ,, ,, ,, Q,0C+Mh 1,6C+.1 jk 0,/C+.1

Falp]_dhkn Clkth`a_ . 3,0C+./ 1,6C+.1 j] /,/C+.1 30C+Mh 16C+.1 j] /,/C+.1 ,, ,, ,, ,, ,, ,, ,, ,, Q,0C+Mh 1,6C+.1 jk /,/C+.1

=TePRWZ]_]QT\gT\TR . ,, ,, j] 5,5C+.1 ,, ,, j] 5,5C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 5,5C+.1

=TePRWZ]_]QbaPSXT\TR . ,, ,, j] 3,.C).0 ,, ,, j] 3,.C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, jk Q,MC).0

=TePRWZ]_]RfRZ]WTeP\T
?hld]+@FA_ . ,, ,, j] /,1C+Mh ,, ,, j] /,1C+Mh ,, ,, ,, ,, ,, ,, ,, ,, ,, -, jk /,1C+./

=TePRWZ]_]RfRZ]WTeP\T

@ap]+@FA_ . ,, ,, j] 2,4C+./ ,, ,, j] 2,4C+./ ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk 2,4C+./

=TePRWZ]_]RfRZ]WTeP \T
E]ii]+@FA_ &Jej`]ja' . 73C+./ j] j] 4,1C+./ 7,3C+./ ,, j] 4,1C+./ ,, ,, ,, ,, ,, ,, ,, ,, 7,QC+./ ,, jk 4,1C+./

=TePRWZ]_]RfRZ]^T\aPSXT\T . ,, ,, j] /,5C).2 ,, ,, j] /,5C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,5C).2

=TePRWZ]_]TaWP\T5 . ,, ,, j] 6,7C)./ ,, ,, j] 6,7C)./ ,, ,, ,, , ,, ,, ,, ,, ,, ,, jk 6,7C)./

Fu`nkcaj Qqxe`a . ,, 0,.C)MM j] ,, ,, 0,.C)MM j] ,, ,, ,, ,, , ,, ,, ,, ,, ]- 0,.C)MM jk ,,
Gj`ajk &/ *0*1+_`' lunaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk 2,7C+./

Gnkj . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk ,,
>`]^W]_]\TR . ,, ,, j] 04C).2 ,, ,, j] 0,4C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,4C).2

Ialkja . ,, M,MC)MM j] ,, ,, M,MC)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, M,MC)MM jk ,,
Ja]` . 0,1C).0 0,5C)./ j] ,, 0,1C).0 0,5C)./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 0,1C).0 0,5C)./ jk ,,

BPZPaWX]\ . ,, /.C+./ j] ,, ,, /,.C+./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,.C+./ jk ,,
BP\VP\T`T . ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk ,,
BT_Rb_f . /,2C)MM 55C+./ j] 3,/C+.0 /,2C)MM 5,5C+O/ j] 3/C+.0 ,, ,, ,, ,, ,, ,, ,, ,, h,2C)MM 5,5C+./ jk Q,hC+.0

Kapduh @nkie`a . ,, ,, j] 2.C).1 ,, ,, j] 2,.C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,.C).1

Kapdktu_dhkn . ,, 1,.C+.0 j] ,, ,, 1,.C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, 1,.C+.0 jk ,,
BX_Te . ,, M,MC)MM j] ,, ,, M,MC)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, M,MC)MM jk ,,
B]\]RWZ]_]QT\gT\T . ,, ,, j] 0,/C).2 ,, ,, j] 0,/C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,/C).2

Le_gah . 0,7C).0 1,0C)./ j] 2,4C).1 0,7C).0 1,0C)./ j] 2,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, 0,7C).0 1,0C)./ jk 2,4C).1

Lepn]pa &]o L' . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk ,,
CXa_]QT\gT\T . ,, ,, j] /,7C).1 ,, ,, j] /,7C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,7C).1

ClCXa_]`]SX[TaWfZP[X\T B . ,, ,, j] 6,/C)./ ,, ,, j] 6,/C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 6,/C)./

ClCXa_]`]SX^WT\fZP[X\T B . ,, ,, j] /,4C).0 ,, ,, j] /,4C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,4C).0

ClC Xa_]`]SXl\l^_]^fZP[X\T B . ,, ,, j] /,2C)./ ,, ,, j] /,2C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,2C)./

EP_PaWX]\ . 4,3C+.0 /1C+.0 j] ,, 4,3C+.0 /1C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 4,QC+.0 /,1C+.0 jk ,,
NA@+/./4 . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, -, /,2C+.0 jk ,,
NA@{/00/ . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 jk ,,

NA@+/010 . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C{.0 jk ,,
NA@+/020 . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 jk ,,
NA@+/026 . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, , ,, ,, ,- /,2C+.0 jk ,,
NA@+/032 . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 jk ]-

NA@+/04. . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C+.0 jk ,,
NA@ Rkp]hB . ,, ,, j] /,5C+.1 ,, ,, j] /,5C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,5C+.1



EP_P[TaT_ 7PRYV_]b\S U]pan Oq]hepu Anepane] U]opahk]` ?hhk_]pekjo 6\aXSTV_PSPaX]\ 7P`TZX\T ?jpe`acn]`]pekj ?hhk_]pekjo B]`a AX[XaX\V 6ZZ]RPaX]\`

&qc-h qjhaoo jkpa`' 8]\Rm 6RbaT G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ GFF &NUQ'G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G == &NU3' G ==

ET\aPRWZ]_]^WT\]Z B . 5,5C+.1 3,7C+O1 j] 6,0C)./ 5,5C+.1 3,7C+.1 j] 6,0C)./ ,, ,, ,, ,, ,, ,, ,, ,, 5,5C+.1 3,7C+.1 jk 6,0C)./

Ndajkh . ,, ,, j] 2,4C).4 ,, ,, j] 2,4C).4 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,4C).4

^f_T\T . ,, ,, j] /,/C).2 ,, ,, j] /,hC).2 ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk /,/C).2
P]`ekjq_he`ao &lA ehh
at_alp @ap]-Ndkpkj' . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk ,,

Enkoo ?hld] ?_perepu . ,, ,, j] /,3C)./ ,, ,, j] /,3C)./ ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk /,3C)./
@ap] ]j` Ndkpkj ?_peTepu

&inai-un' . ,, ,, j] 2.C).. ,, ,, j] 2,.C).. ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk 2,.C)MM

Ha_]\aXb[lVD . ,, ,, j] 6,.C).. ,, ,, j] 6,.C).. ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 6,.C)MM

I_XaXb[ . ,, ,, j] 0.C).2 ,, ,, j] 0,.C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,.C).2

HTZT\Xb[ . 0.C)./ 3,.C).. j] /,hC).2 0,.C)./ 3,.C).. j] /,hC).2 ,, ,, ,, ,, ,, ,, ,, ,, 0,.C)./ 3,.C)MM jk /,/C).2

HXZcT_ . 6,4C).. ,, j] ,, 6,4C).. ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 6,4C)MM ,, jk ,,
Qqhb]pa . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk ,,
/*/*0*0+Rapn]_dhknkapd]ja_ . ,, ,, j] /,/C).0 ,, ,, j] /,hC).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, -, jk /,/C).0

ITa_PRWZ]_]TaWfZT\T B . ,, ,, j] 6,7C)./ ,, ,, j] 6,7C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 6,7C)./

Rd]hheqi . ,, ,, j] 4,1C).. ,, ,, j] 4,1C).. ,, ,, ,, , ,, ,, ,, ,, ,, ,, jk 4,1C)MM

I]ZbT\T . ,, ,, j] 0,.C).3 ,, ,, j] 0,.C).3 ,, ,, ,, ,, ,, ,, -, ,, ,, ,, jk 0,.C).3

I]aPZ SX``]ZcTS `]ZXS` . ]- ,, j] ,, -, ,, j] ,, ,, ]- ,, ,, ,, -, ]- -, ,, ,, jk ++
I]eP^WT\T B . 51C{./ 0,.C{.2 j] 5,3C+.1 5,1C+./ 0,.C+.2 j] 53C+O1 ,, ]- ,, ,, ,, ,, ,, ,, 5,1C+./ 0,.C+.2 jk 5,3C+.1

Rne^qpuhpej . 2,4C+./ 4,1C+.0 j] ,, 2,4C+./ 4,1C+.0 j] ]- ,, ,, ,, ,, ,, ,, ,, ,, 2,4C+./ 4,1C+.0 jk ,,

,d-d/lI_XRWZ]_]QT\gT\T . ,, ,, j] 7,2C).0 ,, ,, j] 7,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 7,2C).0

/*/*0+Rne_dhknkapd]ja_ . ,, -, j] 2,0C).0 -, , j] 2,0C).0 ,, ,, -, ,, ,, ,, ,, ,, ], ,, jk 2,0C).0

I_XRWZ]_]TaWfZT\T B . ,, ,, j] 6,/C).0 ,, ,, j] 6,/C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- jk 6,/C).0

0*2*4+Rne_dhknkldajkh _ . ,, ,, j] 4,3C)./ ,, ,, j] 4,3C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 4,3C)./
0+&0*2*3+ Rne_dhknkldajktu'
^_]^X]\XR PRXS JHXZcTeY . ,, ,, j] ,, ,, ,, j] ,, , , ,, ,, ,, ,, ,, ,, ,, ,, jk ,,
Tejuh Adhkne`a_

. ,, ,, j] 4,/C)./ ,, ,, j] 4,/C)./ ,, ,, ,, -, ,, ,, ,, ,, ,, ,, jk 4,/C)./

ZX\R . /,6C).0 /,7C).0 j] 4,7C).2 /,6C).0 /,7C).0 j] 4,7C).2 ,, ,, ,, , ,, ,, ,, ,, /,6C).0 /,7C).0 jk 4,7C).2

C]aT`5

,m6ZZ R]\RT\a_PaX]\` Te^_T``TS P` [XR_]V_P[`tZXaT_ JbVtZYdb\ZT`` \]aTS ]aWT_dX`T

-m 9X`RWP_VT UZ]d X` WXVWT`a []\aWZf PcT_PVT ]_ ;]_[ -8 [PeX[b[ U]_ >\Sb`a_XT` P\S ST`XV\ UZ]d U]_ Bb\XRX^PZ`

.m BTaPZ` [TP`b_TS P` 9X``]ZcTSd b\ZT`` `^TRXUXTS ]aWT_dX`T

'8' X\SXRPaT` P RP_RX\]VT\XR ^P_P[TaT_

0m GTVbZP_ LA6` P_T [P`` QPZP\RT` J[X\b` QPRYV_]b\S R]\RT\a_PaX]\Y b`X\V aWT - ]U `a_TP[ UZ]d T\aT_TS PQ]cT b\ST_ BXeX\V >\U]_[PaX]\

6\aXSTV_PSPaX]\ LA6` P_T QP`TS b^]\ P R][^ZTaT [Xem

4, ?jpe`ac @]oaheja x &.,03&UOA + ^]_gcnkqj` _kja,' ) ^]_gcnkqj` _kja,' bkn ]_qpa ]j` _dnkje_

x &Mh&UOA + ^]_gcnkqj` _kja,' ) ^]_gcnkqj` _kja,' bkn dqi]j da]hpd

5, UJ?o aop]^heoda` ]p pda bkhhMUejc opna]i bhkso8 /O/. bkn ?_qpa, 1.O/. bkn Adnkje_ ?iikje]* 5O/. bkn Mpdan Adnkje_* 1.O3 bkn Lkj+_]n_ejkcajo,

=P_[]\XR BTP\ U]_ 8P_RX\]VT\`d P\S 6\\bPZ 6cT_PVT U]_ 9X]eX\m BXeX\V _PaX]` [Pf QT `bQ`aXabaTS U]_ `a_TP[ UZ]d` dWT_T P^^_]^_XPaTm

Kap]h R]ncap T]hqa &QQRT'

?jpeikju 21C).1

6_`T\XR 7.C)./

7P_Xb[ j]

8PS[Xb[ /,.C)..

Adnkieqi GGG 4,7C)./

Adnkieqi TG 4,2C)..

Akllan 6,3C)..

>_]\ j]

Ja]` /4C)./

BP\VP\T`T j]

BT_Rb_f 3,/C+.0

Le_gah /7C)./

HTZT\Xb[ 1,.C)..

Qehran 1,2C)..

ZX\R 5,1C)./

C]aT5 S] \]a b`T FAI` Z]dT_ aWP\ aWT

[X\X[b[ FAI` ^_]cXSTS X\ PVT\Rf

VbXSP\RT



;G:H=L6I:G
L6I:G FJ6A>IM 8G>I:G>6 I L6HI:AD69 6AAD86I>DC 6C6AMH>H

Qpna]i Gjbkni]pekj

Ka]j F]n`jaoo &]o A]A.1' ;
7.# Railan]pqna &?jjq]h' ;
7.# Railan]pqna &Uap oa]QBj' ;
7.# K]teiqi lF <
/.# K]teiqi lF <
Rean Baoecj]peBj &/ Bn 0' ;

Nq^he_ U]pan Qqllhu &NUQ' W-L= ;
RnBqp Nnaoajp W-L= ;
C]nhu Jeba Qp]cao Nnaoajp W-L= ;

mg/L

`ac A

`ac A

QS

QS

Qpna]i Dhkso Ketejc Gjbkni]pekj Cbbhqajp Gjbkni]pekj

/./. &?jjq]h' < l KEB ?jjq]h + /./. Ket < /.. # Ka]j F]n`jaoo &]o A]A.1' < 170 mg/L

5./. &?jjq]h' < l KEB +5./. Ket < /.. # 7.# Rail &?jjq]h' < `ac A

1../. &?jjq]h' < l KEB + 1../. Ket < /.. # 7.# Rail &Uap oa]oBj' < /.,2 `acA

/./. &Uap oa]okj' < l KEB Uap Qa]okj + /./. Ket < /.. # 7.# K]teiqi lF < 6,20 QS

1../. &Uap oa]okj' l KEB + 1../. Ket < /.. # /.# K]teiqi lF < QS

1..3 < l KEB Beo_d]nca Dhks < 02 KEB

F]niBje_ Ka]j < l KEB

?jjq]h ?ran]ca < n/a KEB

EP_P[TaT_ @]_gcnkqj` U]pan Oq]hepu Anepane] U]opahk]` ?hhk_]pekjo 6\aXSTV_PSPaX]\ 7P`TZX\T 6\aXSTV_PSPaX]\ 6ZZ]RPaX]\` B]`a AX[XaX\V 6ZZ]RPaX]\`

(ug/l qjhaoo jkpa`' 8]\Tm 6RbaT G Adnkje_ GFF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ GFF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G == &NUQ' G ==

?_aj]lpdaja . ,, ,, j] 05C).1 ,, ,, j] 0,5C).1 ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, j] 0,5C).1

6R_]ZTX\ . ,, ,, j] 5,6C).0 ,, ,, j] 5,6C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 5,6C).0

6R_fZ]\Xa_XZT5 . ,, ]- j] 4,4C)MM ,, -, j] 4,4C)MM ,, ,, ,, ,, ,, ,, ,, ]- ,, ,, j] 4,4C)MM

?h`nej B . 1,.C)MM ,, j] /,2C+.1 1,.C)MM ]- j] /,2C+.1 ,, ,, ,, ,, ,, ,, ,, ,, 1,.C)MM ,, j] /,2C+.1
?iiBjh]+L &ic-h'
&Wa]nhu' . 1,52C)MM /,03C)MM j] ,, 1,5C)MM /,0C)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 1,5C)MM /,0C)MM j] ,,
?iikje]+L (mg/l) ,,]-,
&Fecd Dhks' . 1,52C)MM /,03C)MM j] ,, 1,5C)MM /,0C)MM j] ,, -, ,, ,, -, ,, ,, ,, ,, 1,5C)MM /,0C)MM j] ,,

6\aW_PRT\T . ,, ,, j] /,/C).3 ,, ,, j] /,/C).3 ,, ,, ,, ,, ]- ,, ,, ,, ,, ,, j] /,/C).3

6\aX[]\f . ,, ,, j] 2,1C).1 ,, ,, j] 2,1C).1 ,, ,, ,, ,, , ,, ,, ,, ,, ,, j] 2,1C).1

6_`T\XR / 1,2C).0 /,3C).0 j] ,, 1,2C).0 /,3C).0 j] ]- ,, ,, ,, ,, ,, -, ,, ,, 1,2C).0 /,3C).0 j] ,,
7P_Xb[ . ,, ,, j] ,, ,, ,, j] ,, ,, -, ,, ,, ,, ,, ,, ,, ,- ,, j] ,,
7T\gT\T B . ,, ,, j] 5,/C).0 ,, ,, j] 5,/C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 5,/C).0

7T\gXSX\TR . ,, ,, j] 3,2C+.1 -, ,, j] 3,2C+.1 ,, ,, -, ,, ,, ,, ,, ,, ,, ,, j] 3,2C+.1

HP\g] JPYP\aW_PRT\T B . ,, ,, j] 2,7C+./ ]- ]- j] 2,7C+./ ,, ,, ,, ,, ,, -, ,, ,, ,, ,, j] 2,7C+./

@ajvk &^' bhqkn]jpdaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, -, ,, ,, ,, ,, ,, ]- ,- ]- j] 2,7C+./

@ajvB &g' beqkn]jpdaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+O/ ,, ,, , ,, ,, ,, -, ,, ,, -, j] 2,7C+./

@ajvk &]' lunaja B . ,, ,, j] 2,7C+O/ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,7C+./

@eo0+Adhknkapduh Cpdan . ,, ,, j] /,2C)./ ]- ,, j] /,2C)./ ,, ,, ,, ,, ,, ,, ,, ,, -, ,, j] /,2C)./

@eo0+Adhknkeoklnkluh Cpdan . ,- ,, j] /,5C).3 ,, , j] /,5C).3 ,, -, ,, -, ,, ,, ,, ,, ,, ,, j] /,5C).3

7_][]U]_[ B . ,, ,, j] 1,4C).1 ,, ,, j] 1,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, j] 1,4C).1

@qpuh^ajvuhldpd]h]pa . ,, ,, j] 3,0C).1 ,, ,, j] 3,0C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 3,0C).1

8PS[Xb[ . 5,/C)MM /,5C)MM j] ,, 5,/C)MM /,5C)MM j] ,, ,, ,, ,, ,, ,, -, ,, ,, 5,/C)MM /,5C)MM j] ,,
8P_Q]\ ITa_PRWZ]_XST B . ,- ,, j] 2,2C)./ ,, ,, j] 2,2C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- j] 2,2C)./

Adhkn`]ja B . 0,2C)MM 2,1C+.1 j] 00C+.0 0,2C)MM 2,1C+.1 j] 00C+.0 ,, ,, ,, ,, ]- ,, ,, ]- 0,2C)MM 2,1C{.1 j] 0,0C+.0

Adhkj`a . 6,4C).3 0,1C).3 j] ,, 6,4C).3 0,1C).3 j] ,, ,, ,, -, ,, ,, -, ,, ,, 6,4C).3 0,1C).3 j] ,,
RPA . /,7C)./ /,/C)./ j] ,, /,7C)./ /,/C)./ j] ,, ,, ,, ,, -, ,, ,, ,, /,7C)./ /,/C)./ j] -,
Adhknk^ajvaja . ,, ,, j] 0, /C).2 ,, ,, j] 0, /C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,/C).2



EP_P[TaT_ @]_gcnkqj` U]pan Oq]hepu Anepane] U]opahk]` ?hhk_]pekjo ?jpe`acn]`]pekj @]oaheja ?jpe`acn]`]pekj ?hhk_]pekjo B]`a AX[XaX\V 6ZZ]RPaX]\`

(ug/l qjhaoo jkpa`' Akja, 6RbaT G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ G FF &NUQ' G FF 6RbaT G Adnkje_ G == &NUQ' G ==

A WZ]_]SXQ_][][TaWP\T B . ,, ,, j] 1,2C).0 ,, ,, j] 1,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 1,2C).0

8WZ]_]U]_[ B . ,, ,, j] 0,7C).2 ,, ,, j] 0,7C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,7C).2

0+Adhknkj]ldpd]haja . ,, ,, j] 2,1C).1 ,, ,, j] 2,1C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,1C).1

0+Adhknkldajkh . ,, ,, j] 2,.C).0 ,, ,, j] 2,.C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,.C).0

Adhknlunebko . 6,1C+.0 2/C+.0 j] , 6,1C+.0 2,/C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 6,1C+.0 2,/C+.0 jk ,,
Adnkieqi GGG . 6,6C).0 /,/C).0 j] ,, 6,6C).0 /,/C).0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 6,6C).0 /,/C).0 j] ,,
Adnkieqi TG . /,4C)./ /,/C)./ j] ,, /,4C)./ /,/C)./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, /,4C)./ /,/C)./ jk ,,
Adnkieqi* Rkp]h . ,, ,, j] ,, , ,, j] , ,, ,, ,, ,, , ,, ,, ,, ,, ,, jk ,,
Adnuoaja B . ,, ,, j] 2,7C+./ ,, ,, j] 2,7C+./ ,, ,, , ,, ,, ,, ,, ,, ]- ,, jk 2,7C+./

Akllan . 0,0C)./ /,2C)./ j] , 0,0C)./ /,2C)./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 0,0C)./ /*2C)./ jk ,,
Au]je`a . 0,0C)./ 3,0C)MM j] 0,0C).3 0,0C)./ 3,0C)MM j] 0,0C).3 ,, ,, ,, ,, ,, ,, ,, ,, 0,0C)./ 3,0C)MM jk 0,0C).3

BBB B . ,, ,, j] 6,2C+O1 ,, ,, j] 6,2C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 6,2C+.1

BBC B . ,, ,, j] 3,7C+.1 ,, ,, j] 3,7C+.1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 3,7C+.1

BBR B . /,/C)MM /.C+.1 j] 37C+.1 /,/C)MM /.C+.1 j] 3,7C+.1 ,, ,, ,, ,, ,, ,, ,, ,, /,/C)MM /,.C+.1 jk 3*7C+.1

9T[Ta]\ . ,, /,.C+./ j] ,, ,, /.C+./ j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,.C+./ jk ,,
9XQT\gJPdWYP\aW_PRT\T B . ,, ,, j] 27C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,7C+./

Be^qpuh ldpd]h]pa . ,, ,, j] /,0C).2 ,, ,, j] /,0C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,0C).2

9XRWZ]_][TaWP\T
&Kapduhaja Adhkne`a' B . ,, ,, j] /,4C).2 ,, ,, j] /,4C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,4C).2

,d-l9XRWZ]_]QT\gT\T . ,, ,, j] /,5C).2 ,, ,, j] /,5C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,5C).2

,d.l9XRWZ]_]QT\gT\T . ,, ,, j] 0,4C).1 ,, ,, j] 0,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,4C).1

,d/l9XRWZ]_]QT\gT\T . ,, ,, j] 0,4C).1 , ,, j] 0,4C).1 ,, ,, ,, ,, ,, ,, ,, ,, -, ,, jk 0,4C).1

.d.l9XRWZ]_]QT\gXSX\T B . ,, ,, j] 5,5C+./ ,, ,, j] 5,5C+O/ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 5,5C+./

9XRWZ]_]Q_][][TaWP\T B . ,, ,, j] 2,4C).0 ,, ,, j] 2,4C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 2,4C).0

,d-l9XRWZ]_]TaWP\T B . ,, ,, j] 7,7C).0 ,, ,, j] 7,7C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 7,7C).0

/*/+Be_dhknkapduhaja . ,, ,, j] /,5C).2 ,, ,, j] /,5C).2 ,, ,, , ,, ,, ,, ,, ,, ,, ,, jk /,5C).2

/*0+pn]jo+`e_dhknkapduhaja . ,, ,, j] /,2C).3 ,, ,, j] /,2C).3 ,, ,, ,, , ,, ,, ,, ,, ,, ,, jk /,2C).3

0*2+Be_dhknkldajkh . ,, ,, j] 5,7C).0 ,, ,, j] 5,7C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 5,7C).0

0*2+Be_dhknkldajktu
]_ape_ ]_e` &0*2+B' . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk ,,
,d-l9XRWZ]_]^_]^P\TR . ,, ,, j] 1,7C).0 ,, ,, j] 1,7C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 1,7C).0

/*1+Be_dhknklnklaja . ,, ,, j] /,5C).1 ,, ,, j] !5C).1 ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk /,5C).1

9XTZS_X\ B . 0,2C+./ 3,4C+.0 j] /,2C+.1 0,2C+./ 3,4C+.0 j] /,2C+.1 ,, ,, , ,, ,, ,, ,, ,, 0,2C+./ 3,4C+.0 jk /,2C+.1

Beapduh Ndpd]h]pa . ,, ,, j] /,0C).3 ,, ,, j] /,0C).3 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk /,0C).3

Be+0+Cpduhdatuh Ndpd]h]pa B . ,, ,, j] 3,7C)./ ,, ,, j] 3,7C)./ ,, ,, ,, , ,, ,, ,, ,, ,, ,, jk 3,7C)./

0*2+Beiapduhldajkh . ,, ,, j] 0,1C).1 ,, ,, j] 0,1C).1 ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk 0,1C).1

Beiapduh Ndpd]h]pa . ,, ,, j] 0,7C).4 ,, ,, j] 0,7C).4 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0*7C).4

Be+j+@qpuh Ndpd]h]pa . ,, ,, j] /,0C).2 ,, ,, j] /,0C).2 ,, ,, ,, ,, ,, ,, ,, ,, ]- ,, jk /,0C).2

0*2 Bejepnkldajkh . ,, ,, j] /,2C).2 ,, ,, j] /,2C).2 ,, ,, ,, ,, ,, ,, , ,, ,, ,, jk /,2C).2

0+Kapduh+2*4+Bejepnkldajkh . ,, ,, j] 5,43C).0 ,, ,, j] 5,5C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 5,5C).0

-d/l9X\Xa_]a]ZbT\T B . ,, ,, j] 7,/C)./ ,, ,, j] 7,/C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 7,/C)./
BGktej &0*1*5*6+
aTa_PRWZ]_]SXQT\g]l^lSX]eX\Y
&llm' . ,, ,, j] /0C+.4 ,, , j] j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk jk

/*0+Beldajuhdu`n]veja_ . ,, ,, j] 3,2C)MM ,, ,, j] 3,2C)MM ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 3,2C)MM

?hld]+Cj`koqhb]j . 0,0C+./ 3,4C+.0 j] 0,2C).0 0,0C+./ 3,4C+.0 j] 0,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, 0,0C+./ 3*4C+.0 jk 0,2C).0

7TaPl:\S]`bZUP\ . 0,0C+./ 34C+.0 j] 0,2C).0 0,0C+./ 3,4C+.0 j] 0,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, 0,0C+./ 3*4C{.0 jk 0,2C).0

Cj`koqhb]j Qqhb]pa . ,, j] 0,2C).0 ,, ,, j] 0,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 0,2C).0

:\S_X\ . 6,4C+.0 1,4C+.0 j] 6/C+./ 6,4C+.0 1,4C+.0 j] 6,/C+O/ ,, ,, ,, ,, ,, ,, ,, ,, 6,4C+.0 1,4C+.0 jk 6,/C+./

Cj`nej ?h`adu`a . ,, ,, j] 6/C+./ ,, ,, j] 6,/C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, jk 6,/C+./



EP_P[TaT_ 7PRYV_]b\S U]pan Oq]hepu Anepane] U]opahk]` ?hhk_]pekjo ?jpe`acn]`]pekj @]oaheja ?jpe`acn]`]pekj ?hhk_]pekjo B]`a AX[XaX\V 6ZZ]RPaX]\`

&qc-h qjhaoo jkpa`' 8]\R ?_qpa G Adnkje_ GFF &NUQ'/ FF ?_qpa G Adnkje_ G FF &lsohe FF ?_qpa G Adnkje_ GFF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF ?_qpa G Adnkje_ G FF &NUQ' G FF

Cpduh^ajvaja . ,, ,, j] 0,7C).2 ,, ,, j] 0,7C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,7C).2

;?b]_P\aWT\T . ,, ,, j] 1,5C).0 ,, ,, j] 1,5C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 1,5C).0

;Zb]_T\T . ,, ,, j] /,2C).2 ,, ,, j] /,2C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,- j] /,2C).2

;]P[X\V 6VT\a` . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ]- -, ,, ,, ,, ,, ,, j] -,
Eqpdekj . -, /,.C+B0 j] ,, ]- /,.C+.0 j] ,, ,, ,, ,, ,, ,, ]- ,, ,, ,, /,.C{.0 j] ,,
Falp]_dhkn B . 30C+./ 16C+.1 j] 0,/C+.1 3,0C+./ 1,6C+.1 j] 0,/C+.1 ,, ,, ,, ,, , ,, ,, ,, 3,0C{Mh 1,6C+.1 j] 0,/C+.1

Falp]_dhkn Clkth`a_ . 30C+Mh 1,6C+.1 j] /,/C+.1 3,0C+Mh 1,6C+.1 j] /,hC+.1 ,, ,, ,, ,, ,, ,, ,, ,, 3,0C+Mh 1,6C{.1 j] /,hC+.1

=TePRWZ]_]QT\gT\TR . ]- ]- j] 55C+.1 ,, ,, j] 5,5C+.1 ,, ,, ,, ,, ,, ,, ], ,, ,, j] 5,5C+.1

=TePRWZ]_]QbaPSXT\TR . ,, ,, j] 3,.C).0 ,, -, j] 3,.C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 3,.C).0

=TePRWZ]_]RfRZ]WTeP\T

?hld]+@FA_ . -, -, j] /,1C{./ ,, ], j] /,1C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- j] /,1C+Mh

=TePRWZ]_]RfRZ]WTeP\T

@ap]+@FA_ . ,, ], j] 2,4C+Mh ,, ,, j] 2,4C+Mh ,, ,, ,, ,, ]- ]- ,, ,, ]- ,, j] 2,4C{Mh

=TePRWZ]_]RfRZ]WTeP\T
E]ii]+@FA_ &Sj`]ja' . 7,3C+./ j] j] 4,1C+./ 7,3C+Mh ,, j] 4,1C{Mh ,, ]- ,, ,, ,, ,, ,, ,, 7,3C{Mh ,, j] 4,1C+Mh

=TePRWZ]_]RfRZ]^T\aPSXT\T . ,, ,, j] /,5C).2 ,, ,, j] /5C).2 ,, ,, ,, -, \, ,, \, -, ,, -, j] /,5C).2

=TePRWZ]_]TaWP\T5 . -, ,, j] 6,7C)Mh ,, ,, j] 6,7C)./ ,, ,, ,, ,, ,, ,, ]- ,, ,, \, j] 6,7C)Mh

Fu`nkcaj Qqhbe`a . ,, 0.C)MM j] ,, ,, 0,.C)MM j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,- 0,.C)MM j] ,,
Gj`ajk &/ *0*1+_`' lunaja B . ,, ]- j] 2,7C+./ ,, ,, j] 2,7C+./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,7C+Mh

>_]\ . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- j] -,
?`]^W]_]\TR

. ,, ,, j] 0,4C).2 ,, ,, j] 0,4C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, %+ j] 0,4C).2

@T^]\T . ,, M,MC)MM j] ,, ,, M,MC)MM j] ,, ,, -, ,, ,, ,, ,, ,, ,, -, M,MC)MM j] ,,

Ja]` . 0,1C).0 0,5C)./ j] ,, 0,1C).0 0,5C)./ j] ,, ,, -, ,, +% ,, ,, ,, ,, 0,1C).0 0,5C)./ j] ,,
BPZPaWX]\ . ,, /,.C+./ j] ,, ,, /,.C+./ j] ,, ,, ,, ,, ,* ,, ,, ,, ,, -, /,.C+Mh j] -,

BP\VP\T`T . ,, ]- j] , ]- ,, j] ,, ,, ,, ,, ,, -, , ]- ,, ,, ,, j] ]-

Kan_qnu . /,2C)MM 55C+./ j] 3,/C+.0 /,2C)MM 5,5C{./ j] 3,/C+B0 ,, ,, ,, ,, -, ]- ]- ,, /,2C)MM 5,5C+Mh j] 3,/C{.0

Kapduh @nkie`a . ,, ,, j] 2,.C).1 ,, ,, j] 2,.C).1 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,.C).1

Kapdktu_dhkn . ,, 1,.C+.0 j] ,, ,, 1,.C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ]- 1,.C+.0 j] ,,
BX_Te . ,, M,MC)MM j] ,, ,, M,MC)MM j, ,, ,, ,, ,, ,, -, ,, ,, ,, ,, M,MC)MM j] ,,
B]\]RWZ]_]QT\gT\T . ,, ,, j] 0,/C).2 ,, ,, j] 0,/C).2 ,, ,, ,, ,, ,, ,, -, -, ,, ,, j] 0,/C).2

Le_gah . 0,7C).0 1,0C)./ j] 2,4C).1 0,7C).0 1,0C)./ j] 2,4C).1 ,, ,, ,, , ,, ,, ,, ,, 0,7C).0 1,0C)Mh j] 2,4C).1

Lepn]pa &]o L' . ,, -, j] ,, ,, ,, j] ,, ,, -, ]- ,, ,, ,, ,, ,, -, ,, j] ,,
CXa_]QT\gT\T . ,, ,, j] /,7C).1 ,, ,, j] /,7C).1 ,, ,, , ,, ,, ,, ,, ,, ,, ]- j] /,7C).1

ClCXa_]`]SX[TaWfZP[X\T B . -, ]- j] 6,/C)./ ,, ,, j] 6,/C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 6,/C)Mh

ClCXa_]`]SX^WT\fZP[X\T B . ,, ,, j] /,4C).0 ,, -, j] /,4C).0 , ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,4C).0

ClCXa_]`]SXl\l^_]^fZP[X\T B . -, ,, j] /,2C)./ ,, ,, j] /,2C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,2C)Mh

EP_PaWX]\ . 4,3C+.0 /1C+.0 j] ,* 4,3C+.0 /,1C+.0 j] ,, ,, ,, ,, -, ,, ,, ,, ,, 4,3C{.0 /,1C+.0 j] -,
NA@+/./4 . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,* ,, ,, ,, ,, ,, ]- ,, ,, ,, /,2C{.0 j] ,,

NA@+/00/ . ,, /,2C+.0 j] ,, ,, /,2C+B0 j] ,, ,, ,, ,, ,, ,, ]- ,, ,, -, /,2C{.0 j] ,,

NA@+/010 . ,, /,2C+.0 j] ,, ,, /,2C+.0 j] ,, -, ,, ,, ,, ,, -, ,, -, /,2C{.0 j] -,

NA@+/020 . ,, /,2C+.0 j] ,, ]- /,2C{.0 j] ,, ,, ,, ,, ,, , ,, ,, ,, ,, /,2C{.0 j] ,,
NA@+/026 . /,2C{.0 j] ,, ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, -, -, , ,, /,2C{.0 j] ,,

NA@+/032 . ,, /,2C+.0 j] +% ,, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, /,2C{.0 j] ,,

NA@+/04. . ,, /,2C+.0 j] ,, -, /,2C+.0 j] ,, ,, ,, ,, ,, ,, ,, -, ,, ,, /,2C{.0 j] ,,

NA@ Rkp]hB . ,, ,, j] /,5C+.1 ,, ,, j] /,5C+.1 ,, ,, ,, ]- ,, , ,, ]- ,, ,, j] /,5C+.1
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ET\aPRWZ]_]^WT\]Z B . 55C+.1 3,7C+.1 j] 6,0C)./ 5,5C+.1 3,7C+.1 j] 6,0C)./ ,, ,, ,, ,, ,, ,, ,, ,, 5,5C{.1 3,7C+.1 j] 6,0C)./

Ndajkh . ,, ,, j] 2,4C).4 ,, ,, j] 2,4C).4 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,4C).4

Ef_T\T . ,, ,, j] //C).2 ,, ,, j] /,/C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,/C).2
P]`ekjq_he`ao &lAe-/
at_alp @ap]-Ndkpkj' . ,, ,, j] ,, ,, ,, j] -, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,

Enkoo ?hld] ?_perepu . ,, ,, j] /,3C)./ ,, -, j] /,3C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,3C)./
@ap] ]j` Ndkpkj ?_perepu

&inai-un' . ,, ,, j] 2,.C)MM ,, ,, j] 2,.C).. ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,.C)MM

Ha_]\aXb[lVD . ,, ,, j] 6,.C).. ,, ,, j] 6.C)MM ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 6,.C)MM

I_XaXb[ . ,, ,, j] 0,.C).2 ,, ,, j] 0,.C).2 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,.C).2

HTZT\Xb[ . 0,.C)./ 3,.C).. j] /,/C).2 0,.C)./ 3,.C).. j] /,/C).2 ,, ,, ,, ,, ,- ,, ,, ,- 0,.C)./ 3,.C)MM j] /,/C).2

HXZcT_ . 6,4C).. ,, j] ,, 6,4C).. ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, 6,4C)MM -, j] ,,
Qqhb]pa . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,
/*/*0*0+Rapn]_dhknkapd]jaB . ,, ,, j] /,/C).0 ,, ,, j] /,/C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] /,/C).0

ITa_PRWZ]_]TaWfZT\T B . ,, ,, j] 6,7C)./ ,, ,, j] 6,7C)./ ,, ,, ,, ,, ,, ,, ,, -, ,, ,, j] 6,7C)./

Rd]hheqi . ,, ,, j] 4,1C).. ,, ,, j] 4,1C)MM ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 4,1C)MM

I]ZbT\T . ,, ,, j] 0,.C).3 ,, ,, j] 0,.C).3 ,, -, ,, ,, ,, ,, ,, ,, ,, ,, j] 0,.C).3

I]aPZ SX``]ZcTS `]ZXS` . ,, ,, j] ,, ,, -, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,
I]eP^WT\T B . 5,1C+./ 0,.C+.2 j] 5,3C+.1 5,1C+./ 0,.C+.2 j] 5,3C+.1 ,, ,, ,, ,, ,, ,, ,, ,- 5,1C{./ 0,.C+.2 j] 5,3C+.1

Rne^qpuehej . 2,4C+./ 4,1C+.0 j] ,, 2,4C{./ 4,1C+.0 j] ,, ,, ,, ,, ,, ,, ,- ,, ,, 2,4C+./ 4,1C+.0 j] -,
,d-d/lI_XRWZ]_]QT\gT\T . ,, ,, j] 7,2C).0 ,, ,, j] 7,2C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 7,2C).0

,d,d-lI_XRWZ]_]TaWP\T5 . ,, ,, j] 2,0C).0 ]- ,, j] 2,0C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 2,0C).0

I_XRWZ]_]TaWfZT\T B . ,, ,, j] 6,/C).0 -, ,, j] 6,/C).0 ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 6,/C).0

0,2*4+Rj_dhknkldajkh B . ,, ,, j] 4,3C)./ ,, ,, j] 4,3C)./ ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] 4,3C)./
0+&0*2*3{ Rne_dhknkldajktu'
^_]^X]\XR PRXS JHXZcTeY . ,, ,, j] ,, ,, ,, j] ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, j] ,,

Tejuh Adhkne`a_ . ,, ,, j] 4,/C)./ ,, ,, j] 4,/C)./ ,, ,, ,, ,, ,- ,, ,, ,- ,, ,, j] 4,/C)./

NX\R . /,6C).0 /7C).0 j] 47C).2 /,6C).0 /,7C).0 j] 4,7C).2 ,, ,, ,, ,, ,, ,, ,, ,, /,6C).0 /,7C).0 j] 4,7C).2

Kap]e R]ncap T]hqa &QQRT'

?jpeikju 2,1C).1

6_`T\XR 7.C)./

7P_Xb[ j]

8PS[Xb[ /,.C)MM

Adnkieqi Gee 47C)./

Adnkieqi TG 4,2C)MM

Akllan 63C)MM

Gnkj j]

Ja]` /,4C)./

BP\VP\T`T j]

BT_Rb_f 3,/ C+B0

Le_gah /,7C)./

HTZT\Xb[ 1,.C)..

Qehran 1,2C)..

NX\R 5,1C)./

C]aT5 S] \]a b`T FAI` Z]dT_ aWP\ aWT

[X\X[b[ FAI` ^_]cXSTS X\ PVT\Rf

VbXSP\RT
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Oofk`b Vfiif^j Blrkqv Rbosf`b @rqelofqv
G-K- Lllkbv V^qbo Qb`i^j^qflk E^`fifqv

UOCDR Obkkfq Ml- U@//140/H
Hk,Rqob^j Llkfqlofkd Qbmloq

Oofk`b Vfiif^j Blrkqv Rbosf`b @rqelofqv
G-K- Lllkbv V^qbo Qb`i^j^qflk E^`fifqv

UOCDR Obojfq Ml- U@//140/0

Hk,Rqob^j Llkfqlofkd Qbmloq
Elo qeb Ds^ir^qflk lc @jjlkf^ Dccirbkq Kfjfq^qflkp

Fobbibv ^ka G^kpbk KKB
Cb`bj_bo aE1//4I

Hkqolar`qflk
Seb Oofk`b Vfiif^j Blrkqv Rbosf`b @rqelofqv XRbosf`b @rqelofqva ltkp ^ka lmbo^qbp qeb G-K-
Lllkbv V^qbo Qb`i^j^qflk E^`fifqv XLllkbvVQEp mi^kqa- Seb mi^kq afp`e^odbp qob^qba
bccirbkq ql Mb^_p`l Bobbhp ^ qof_rq^ov lc qeb Olqlj^` Qfsbo- Nk N`ql_bo 04p1//2p qeb Ufodfkf^
Cbm^oqjbkq lc Dksfolkjbkq^i Pr^ifqv XUCDPaobfpprba qeb UOCDR Obojfq clo qeb Lllkbv
VQE X1//2mbojfqa- Seb 1//2 mbojfq fk`irabp bccirbkq ifjfq^qflkp clo ^jjlkf^ _^pba lk ^
ifjfqba a^q^ pbq colj do^_ p^jmibp q^hbk pmlo^af`^iiv lsbo ^ mbofla lc pbsbo^i vb^op- O^oq H-D- 00
lc qeb mbojfq `^iip clo fkpqob^j jlkfqlofkd clo qbjmbo^qrob ^ka mG fk Mb^_p`l Bobbh ql `lkcfoj
qeb 1//2 ^jjlkf^ ifjfqp- Oobsflrpivp qeb Rbosf`b @rqelofqv rqfifwba qeb Mb^_p`l Bobbh
Dj_^vjbkq Llabi absbilmba _v qeb Ufodfkf^ Hkpqfqrqb lc L^ofkb R`fbk`b XUHLRjlabia ql
^ppfpq fk qeb absbilmjbkq lc mbojfq ifjfqp: qefp jlabi t^p rma^qba ^ka rpba ^d^fk clo qefp
^k^ivpfp-

@p `^iiba clo fk qeb UOCDR Obojfqp qeb Rbosf`b @rqelofqv e^p `lkar`qba qeb fk,pqob^j
jlkfqlofkd pqrav ql ^ppfpq fk abqbojfkfkd t^pqb il^a ^iil`^qflkp clo Mb^_p`l Bobbh ^ka
afp`e^odb ifjfqp clo qeb Lllkbv VQE- Seb fkpqob^j p^jmifkd mi^k `lkpfpqp lc q^hfkd qtf`b,
jlkqeiv do^_ p^jmibp colj bfdeq pbdjbkqp j^q`efkd qelpb lc qeb UHLR jlabi- Elro lc qeb
pbdjbkqp ^ob rmpqob^j lc qeb mi^kqp obmobpbkqfkd t^qbo nr^ifqv _bclob qeb Lllkbv VQEp ^ka clro
il`^qflkp ^ob altkpqob^j lc qeb mi^kqp obmobpbkqfkd t^qbo nr^ifqv ^cqbo qeb ^aafqflk lc qeb
Lllkbv VQE bccirbkq- Sebpb p^jmifkd il`^qflkp ^ob peltk fk Efdrob 0- FOR t^p rpba ql ^pprob
do^_ p^jmibp tbob q^hbk fk qeb p^jb il`^qflkp qeolrdelrq qeb p^jmifkd moldo^j- Hk ^aafqflk ql
qeb _ftbbhiv do^_,p^jmibpp qeb ^mmolsba p^jmifkd mi^k `^iiba clo qtl `lkqfkrlrp jlkfqlop ql _b
fkpq^iiba fk Mb^_p`l Bobbh- Nkb il`^qba ^q qeb Qlrqb 0 Aofadb rmpqob^j lc qeb mi^kq Xrmpqob^j
mol_ba ^ka lkb ^q qeb BRW Q^fiol^a Aofadb kb^o qeb `lkcirbk`b lcMb^_p`l Bobbh tfqe Mb^_p`l
A^v ^ka qeb Olqlj^` Qfsbo Xaltkpqob^j mol_ba- @cqbo buqbkpfsb kbdlqf^qflkp tfqe BRW ^ka ^k
^ag^`bkq j^ofk^p qeb il`^qflk lc qeb altkpqob^j mol_b t^p `e^kdba colj qeb BRW Aofadb ql ^
j^ofk^ mfbo ^p afp`rppba fk qeb PreliminQlY Monitoring Report fpprba ql UCDP fk @mofi 1//4-
Seb Hkpqob^j jlkfqlofkd t^p lofdfk^iiv p`ebariba ql _bdfk fk Irkb 04p1//3 ^ka bka Eb_or^ov
04p1//4- Gltbsbop arb ql qeb buqbkpfsb kbdlqf^qflkp `lk`bokfkd il`^qflkp lc qeb mol_bp ^ka
lqebo `ljmif`^qflkpp qefp p^jmifkd mbofla t^p ^agrpqba ql Mlsbj_bo 06p1//3 qelrde Rbmqbj_bo
2/p1//4 tfqe UCDP `lkpbkq-
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UOCDR Obojfq Ml- U@//140/0
Hk,Rqob^j Llkfqlofkd Qbmloq

H xqpa /

x
0

&/' Kk`aJ Qaciajp

| En]^ Q]ilJa
Jk_]pekj

Akjpejqkqo Kkjepkn
Jk_]pekj

cJT CITWSQUO BMZ\S[Z
Crofkd qeb p^jmifkd mbofla d^mp ^ka ^klj^ifbp fk qeb a^q^ ^ka p^jmifkd mol`barobp tbob klqba
^ka `loob`qfsb ^`qflk t^p q^hbk- C^q^ tbob ob`loabap qo^`hba ^ka do^meba ^ka bccloqp tbob j^ab
ql rkabopq^ka ^ka bumi^fk rkbumb`qba obpriqp- Sebpb ^ob afp`rppba _bilt-

cJa CITWSQUO 3UVTISQMZ
Crofkd ^kv buqbkaba p^jmifkd mbofla ^klj^ifbp ^ka d^mp fk a^q^ arb ql bnrfmjbkq lrq^dbpp
tb^qebo lo lqebo rk`lkqolii^_ib bsbkqp ^ob ql _b bumb`qba- Rbsbo^i pr`e bsbkqp tbob bumbofbk`ba
arofkd qefp p^jmifkd moldo^j ^ka ^ob lrqifkba _bilt- @p mol_ibjp ^olpbp plirqflkp tbob
absbilmba tef`e ^fjba ql mobsbkq ^ obmbqfqflk lc qeb p^jb mol_ibj- S^_ib H _bilt molsfabp ^
prjj^ov lc qeb p^jmifkd ^klj^ifbp qe^q tbob bumbofbk`ba arofkd qefp molgb`q- Seb q^_ib peltp
^klj^ifbp ^ka d^mp fk qeb `lkqfkrlrp jlkfqlofkd mol_bp qe^q i^pqba clo ^q ib^pq lkb `^ibka^o a^v-
Sebob tbob d^mp fk qeb a^q^ tef`e i^pq ibpp qe^k lkb a^vpqebpb pj^iibo d^mp qvmf`^iiv obmobpbkq
qeb qfjbp qe^q qeb mol_bpI a^q^ tbob _bfkd altkil^aba lo arofkd tef`e olrqfkb j^fkqbk^k`b t^p
_bfkd mboclojba-
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^ b , ^jm iHkb: IWZT VU T\V\Z VT VUUO YV bp

E_]QT HaP_a 9PaT :\S 9PaT 9Pf` GTP`]\ U]_ H]ZbaX]\E_]QZT[

Nnk^a b]ehqna Ba_na]oa ejpanr]h

//-0.-.2 //-1.-.2 // `qnejc hkjc
^apsaaj lnk^a

i]ejpaj]j_a ]j``alhkuiajp _]he^n]pekj

/-00-.3 0-/4-.3 04 Nnk^a D]ehqna8 Nqn_d]oa` jas lnk^a
jk na]`ejco ) 0 ^]_gq l lnk^ao

Dhkk`ejc U]ep bkn s]pano pk
Slopna]i na_a`a ]j` nalh]_a1-/6-.3 1-1.-.3 /1 qlopna]i _]qoa` lnk^a +lnk^a b]ehqna B]p] Beo_]n`a`

2-4-.3 2-/0-.3 6 Nnkcn]iiejc Palnkcn]iia` ]j`
Cnnkn na`alhkua`

Nksan D]ehqna8 Qp]np _d]jcejc
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@klj^ifbp lo d^mp fk qeb a^q^ tbob ^ipl mobpbkq fk qeb do^_ p^jmibp: qebpb qvmf`^iiv tbob ^ obpriq
lc ^``bpp fpprbp ql ^ pmb`fcf` pqob^j,pbdjbkq- Sebob tbob qfjbp tebk arb ql colwbk `lkafqflkpp
ilt qfab lo sbov buqbkpfsb sbdbq^qflk klq ^ii pbdjbkqp `lria _b p^jmiba- Seb fjm^`q lc qebpb
a^q^ d^mp fp jfkfj^i arb ql qeb lqebo a^q^ qe^q tbob `liib`qba-

Seb cfk^i ^klj^iv qe^q obnrfobp afp`rppflk fp lkb lc p^jmifkd qfjb pqbmp- @p tfqe ^ii `lkqfkrlrp
jbqbop qebpb tbob klq qoriv !`lkqfkrlrp! _rq o^qebo qllh ob^afkdp ^q ^ mobp`of_ba qfjb pqbm- Seb
jlpq `ljjlk qfjb pqbm qeolrdelrq qeb p^jmifkd mbofla t^p lkb elrop eltbsbo qebob ^ob mboflap
arofkd tef`e a^q^ tbob `liib`qba ^q qeobb jfkrqbp qefoqv jfkrqb ^ka qtl elro fkqbos^ip- Crofkd
qeb a^q^ ^k^ivpfp fq t^p kb`bpp^ov ql e^sb ^ rkfcloj qfjb pqbm qeolrdelrq qeb a^q^ ob`loa pl qe^q
^sbo^dbp ^ka mbo`bkqfibp `lria _b `^i`ri^qba `loob`qiv- Seb a^q^ tbob kloj^ifwba ql ^ qtl,elro
qfjb pqbm Xqebi^odbpq qfjb pqbma- Sefp t^p alkb _v objlsfkd a^q^ colj qfjb pqbmp qe^q tbob
pj^iibo qe^k qtl elrop: clo fkpq^k`b fc 2/,jfkrqb ob^afkdp tbob q^hbk ^q 019//p 0192/p 09//p H 92/p
^ka 19// qebk lkiv qeb ob^afkd colj 019// ^ka 19// tbob rpba clo qeb ^k^ivpfp- Seb objls^i lc
a^q^ t^p _^pba pqof`qiv lk qeb qfjb fq t^p q^hbkp klq lk qeb s^irbp lc mG lo qbjmbo^qrob ob`loaba
arofkd qeb pqbm-
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1-1 W: Qbpriqp
Seb mG t^p jlkfqloba rmpqob^j ^ka altkpqob^j lc qeb mi^kq rpfkd `lkqfkrlrp jlkfqlofkd
mol_bp ^p abp`of_ba ^_lsb- Seb obpriqp lc qefp jlkfqlofkd ^ob peltk fk Efdrob 1 _bilt- Seb mG
t^p clrka ql _b efdeiv s^of^_ib ^q qeb altkpqob^j il`^qflkp tebob Mb^_p`l Bobbh jbbqp qeb
Olqlj^` Qfsbo- Hq t^p klq rk`ljjlk ql pbb mG ptfkdp lc dob^qbo qe^k lkb pq^ka^oa rkfq fk ^
pfkdib a^v- @k ^k^ivpfp t^p `lkar`qba `loobi^qfkd qeb mG tfqe qeb qfabp ^ka fq t^p clrka qe^q qeb
efde mG ob^afkdp tbob `ljfkd fk colj qeb Olqlj^` Qfsbo o^qebo qebk lrq colj Mb^_p`l Bobbh-
Hk loabo tloapp qeb efde mG ob^afkdp tbob pbbk arofkd lo gip0pq̂ cqbo ^ efde qfab- Sefp `loobi^qflk
t^p pbbk fk lqebo ^ob^ t^qbo_lafbp rmpqob^j ^ka altkpqob^j lcMb^_p`l Bobbh lk qeb Olqlj^`
Qfsbo- Qbi^qfsbiv pq^_ib mG s^irbp tbob ob`loaba fk qeb rmpqob^j mloqflk lc Mb^_p`l Bobbh
tef`e e^p ^ jr`e iltbo qfa^i fkcirbk`b-

B]\Xa]_TS ^=

/. Uejpan

7,3

8

,,, 6,3/x
i

7.+-p999 6-4BK

6
++ Bksjopna]i

+ Slopna]i

5
0000601//3 0100601//3 000501//4 100401//4 200601//4 300501//4 400501//4 500401//4 600401//4 700301//4 800201//4

Ufodfkf^ V^qbo Pr^ifqv Rq^ka^oap XUVPRaobnrfob qe^q pq^qb t^qbop XBi^ppH,UHa j^fkq^fk ^ mG
_bqtbbk 5 ^ka 8 X8U@B 14,15/,4/a- Seb 8/qe mbo`bkqfib mG ^q qeb altkpqob^j jlkfqlofkd
il`^qflk fp 7-82 clo qeb bkqfob jlkfqloba mbofla- Seb rkbumb`qbaiv efde mG fk qeb Olqlj^` fp ^
aofsfkd c^`qlo clo iltbo @jjlkf^ V^pqbil^a ^iil`^qflkp ^ka mbojfq ifjfqpp ^p tfii _b afp`rppba
i^qbo fk qefp obmloq- @ mG SLCK fp `roobkqiv rkabo absbilmjbkq clo t^qbop lc qeb Olqlj^`- Hq fp
qeb bumb`q^qflk lc qeb Rbosf`b @rqelofqv qe^q lk`b qefp SLCK fp fjmibjbkqbap @jjlkf^ mbojfq
obifbc j^v _b `lkpfabobap arb ql qeb `loobi^qflk _bqtbbk mG ^ka ^jjlkf^ qluf`fqv-
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1-2 Sbjmbo^qrob Qbpriqp
Sbjmbo^qrob t^p clrka ql _b jr`e ibpp s^of^_ib qe^k mG- Seb a^q^ pelt ^ qobka obcib`qfsb lc qeb
pb^plk^i ^fo qbjmbo^qrob- Mb^_p`l Bobbhp ^ obi^qfsbiv pe^iilt t^qbo_lavp bumbofbk`ba bpmb`f^iiv
efde qbjmbo^qrobp arofkd prjjbo jlkqep- Cltkpqob^j qbjmbo^qrobp ^_lsb 8/|E tbob ob`loaba
clo ^ krj_bo lc a^vp fk Iriv ^ka @rdrpq- Seb 8/qe mbo`bkqfib qbjmbo^qrob clo qebpb prjjbo a^q^
fp 2/|B- Qbcbo ql Efdrob 2 _bilt-
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1-3 Fo^_ R^jmib Qbpriqp
Hk ^aafqflk ql qeb `lkqfkrlrp mG ^ka qbjmbo^qrob obpriqp mobpbkqba fk qeb ^_lsb do^mepp do^_
p^jmibp tbob `liib`qba every qtl tbbhp ^q qeb il`^qflkp fkaf`^qba fk Efdrob 0- Sebpb do^_
p^jmib a^q^ tbob rpba ql `lkcfoj qeb UHLR jlabi obpriqp- Fo^_ p^jmib a^q^ ^ob fk`iraba fk qeb
^mmbkafu lc qefp obmloq-

2-/ C^q^ @k^ivpfp
G-K- LllkbvIp `roobkq mbojfq fp _^pba lk ^ very ifjfqba a^q^ pbq `liib`qba mofj^ofiv arofkd
a^vifdeq elrop- @p pr`ep qeb mbojfq rpbp ^ krj_bo lc pq^qfpqf`^i ^pprjmqflkp ^p molufbp ql pljb
lc qeb `ofqbof^- Crb ql qeb bum^kaba a^q^ pbq `liib`qba rkabo qefp p^jmifkd moldo^j fq fp mlppf_ib
ql absbilm ^ pfqb,pmb`fcf` ^mmol^`e qe^q albp klq obiv lk moluv,a^q^- Sefp ^mmol^`e ^ka fqp obpriqp
^ob lrqifkba _bilt-
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2-0 Hkpqob^j Beolkf` Bofqbof^
Beolkf` Sluf`fqv ^p abcfkba _v UVPR9

&7 T?A 03+04.+/2.' (Adnkje_ pkte_epu( ia]jo ]j ]`ranoa abba_p pd]p eo ennaranoe^ha kn lnkcnaooera, kn
k__qno ^a_]qoa pda n]pa kb ejfqnu eo cna]pan pd]j pda n]pa kb nal]en `qnejc lnkhkjca` atlkoqna pk ]
lkhhqp]jp, Rdeo ej_hq`ao hks harah* hkjc+pani abba_po oq_d ]o na`q_pekj ej cnkspd kn nalnk`q_pekj,

&7 T?A 03+04.+/33^' Rda pdenpu+`]u ]ran]ca _kj_ajpn]pekjkb pkp]h ]iikje] jepnkcaj &ej ic NIL) sdana a]nhu heba
op]cao kb beod ]na lnaoajp ej bnaods]pan od]hh jkp at_aa`* ikna pd]j kj_a aranu pdnaa ua]no kj pda ]ran]ca0* pda
_dnkje_ _nepane] ^ahks8

X
/-/466 1-376a

ChronicCriteriaConcentration < 6577, H ) H-7688 W MIN0o 0/} p 0o lOP .

Udana KGL < 0,63 kn /,23t/...06&03+RH*sde_daran eo haoo,
R < pailan]pqna ej zA

&7 T?A 03+04.+/33_' pdenpu+`]u ]ran]ca _kj_ajpn]pekj kb pkp]h ]iikje] jepnkcaj &ej ic MHKa sdana a]nhu
heba op]cao kb beod ]na ]^oajp &lnk_a`qnao bkn i]gejc pdeo `apaniej]pekj ]na ej oq^`ereoekjo / pdnkqcd 2 kb
pdeo oq^oa_pekj'* ej bnaods]pan od]hh jkp at_aa`* ikna pd]j kj_a aranu pdnaa ua]no kj pda ]ran]ca1* pda
_dnkje_ _nepane] ^ahks8

- - - - X/-/466 1-376a (O.028(25~MAX))ChronzcCnterzaConcentratlOn < 6577, H o H-7688 W 0-34 0/
1+10' P 1+10P .

2-0-0 Sefoqv C^v @sbo^dbp
Crofkd qeb mobsflrp mbojfq `v`ib fq t^p klq mlppf_ib ql `^i`ri^qb qefoqv,a^v `ofqbof^ ^p obnrfoba _v
Ufodfkf^ V^qbo Pr^ifqv Rq^ka^oap- Sebobclob ^p ^ proold^qb ql qeb qefoqv,a^v s^irbpp qeb 4/qe

mbo`bkqfib qbjmbo^qrob ^ka mG s^irbp tbob rpba ql `^i`ri^qb qeb fkpqob^j `ofqbof^-

@p ^ obpriq lc qeb `lkqfkrlrp jlkfqlofkd qe^q t^p `lkar`qba rkabo qefp p^jmifkd moldo^j fq t^p
mlppf_ib ql `^i`ri^qb qefoqv,a^v ^sbo^db `lk`bkqo^qflkp- Seb mol`barob rpba t^p ^p cliiltp: cfopq
fkpq^kq^kblrp `ofqbof^ tbob `^i`ri^qba clo b^`e lc qeb qfjb pqbmp fk qeb altkpqob^j a^q^ ob`loa
_^pba lk qeb clojri^p molsfaba fk UVPR X^_lsba-Rb`lka qeobb mlppf_ib ^iqbok^qfsbp tbob
`lkpfaboba tebk `^i`ri^qfkd qeb qefoqv,a^v `ofqbof^9

^a ^ qefoqv,a^v oliifkd ^sbo^db qe^q fk`iraba qeb `roobkq a^v ^ka qeb mobsflrp 2/ X2/_`ha
_a ^ qefoqv,a^v oliifkd ^sbo^db qe^q fk`iraba qeb `roobkq a^v qebk qeb kbuq 2/ X2/ctaa
`a ^ qefoqv,a^v oliifkd ^sbo^db qe^q fk`iraba qeb `roobkq a^vpmobsflrp 04 ^ka kbuq 04

a^vp Xo.,04a



Oofk`b Vfiif^j Blrkqv Rbosf`b @rqelofqv
G-K- Lllkbv V^qbo Qb`i^j^qflk E^`fifqv

UOCDR Obojfq Ml- U@//140 / 0
Hk,Rqob^j Llkfqlofkd Qbmloq

Mbuqp qeb 8/qe mbo`bkqfib0 s^irbp tbob `^i`ri^qba clo b^`e lc qeb mbojfq mboflap Xtfkqboppmofkd
^ka prjjboa ^ka clo b^`e lc qeb qefoqv,a^v ^sbo^db ^iqbok^qfsbp X2/_`hp2/ctap o.,04a^vpa- Sefp
mol`barob t^p `lkar`qba clo _lqe qeb D^oiv Kfcb Rq^dbp XDKRamobpbkq ^ka ^_pbkq pq^qrp- Efk^iivp
the most conservative value jar each permit period was chosen as the instream chronic criteria
jor that permit period, based on the ELS classification. Seb obpriqp ^ob pelt fk S^_ib 1 _bilt-

DIJSM 19 8/qe @MYKMU[QSM 5PYVUQK 5YQ[MYQI
Anepane] (mg/L)

1-85
0-14
/-50

Elo qeb tfkqbo mbofla qeb jlpq `lkpbos^qfsb s^irb clo fkpqob^j `eolkf` `ofqbof^ t^p clrka rpfkd
qeb 2/cta lmqflk- Elo qeb pmofkd ^ka prjjbo mboflap qeb jlpq `lkpbos^qfsb s^irbp tbob clrka
rpfkd qeb 2/_`h lmqflk- Efdrob 3 _bilt peltp qeb `^i`ri^qba `ofqbof^ clo DKR mobpbkq ^ka ^_pbkq
_^pba lk qeb 2/_`h lmqflk-

::i 4.00

{

8/!9 ; 185 jdiK
&CJQ?^oajp'

8/I9 ; 0-14 jdiK
&CJQ Nnaoajp'

8/I9 ; /-50 jdiK
&CJQ Nnaoajp'

000
00.0601//3 0100601//3 000501//4 100401//4 2.0601//4 3.0501//4 4.05I1//4 5.0401//4 6.04I1NiI4 7.03I1//4 8.02I1//4

0 SHoolrdelrq qefp obmloq tebk obcboofkd ql ^jjlkf^ `ofqbof^p Z\aNqembo`bkqfib C^`qr^iiv obcbop ql qeb 0/qe mbo`bkqfib
lc a^q^ pfk`b qeb iltbo s^irbp ^ob lc fkqbobpq-
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2-1 Hkpqob^j @`rqb Bofqbof^
@`rqb Sluf`fqv fp abcfkba _v UVPR ^p9

&7 T?A 03+04.+/2.' (?_qpa pkte_epu( ia]jo ]j ]`ranoa abba_p pd]p qoq]hhu k__qno odknphu ]bpan atlkoqna pk
] lkhhqp]jp, Japd]hepu pk ]j knc]jeoi eo pda qoq]h ia]oqna kb ]_qpa pkte_epu, Udana `a]pd eo jkp a]oehu
`apa_pa`* eiik^ehev]pekj eo _kjoe`ana` amqer]hajp pk `a]pd,

&7 T?A 03+04.+/33' Rda kja+dkqn ]ran]ca _kj_ajpn]pekj kb pkp]h ]iikje] jepnkcaj &ej ic NIL) ej bnaods]pan od]hh
jkp at_aa`* ikna pd]j kj_a aranu pdnaa ua]no kj pda ]ran]ca* pda ]_qpa _nepane] ^ahks YRnkqp ]^oajp[8

B} - B - X/-300 47-3aAcute rzterzon oncentratzon < 6!/3, H ) H-72040) 0/I, p 0) iNO -

Seb ^`rqb `ofqbof^ jrpq _b ^mmifba ql qeb pbdjbkqp lc Mb^_p`l Bobbh fjjbaf^qbiv proolrkafkd
qeb lrqc^ii Xpbdjbkqp 4 buqbkafkd ql pbdjbkq 5 fk qeb UHLR jlabia ^p qefp fp qeb il`^qflk qe^q
^jjlkf^ `lk`bkqo^qflkp tfii _b qeb efdebpq arb ql ibpp afirqflk- Hq t^p qebobclob kb`bpp^ov ql
abqbojfkb qeb mG fk qefp ^ob^ ql `^i`ri^qb qeb `ofqbof^- Seb UHLR jlabip ^ pqb^av pq^qbp evaoldbk
flk _^pba jfufkd jlabi ^iiltba qeb mG ql _b `^i`ri^qba ^q qeb s^oflrp `obbh,pbdjbkqp _^pba lk
qeb 8/qe mbo`bkqfib mG lc qeb rm ^ka altkpqob^j `lkqfkrlrp jlkfqlop ^ka qeb 88qe mbo`bkqfib lc
qeb mi^kq bccirbkq mG- Seb `ljmrqba s^irbp clo pbdjbkq 5 tbob rpba ql `^i`ri^qb qeb fkpqob^j
^`rqb `ofqbof^-

A^pba lk qeb UHLR jlabi orkp qeb 8/qe mbo`bkqfib ^`rqb `ofqbof^ clo qeb pmb`fcfba mbojfq
mboflap fp ^p cliiltp-

S^_ib 29 8/pd Obo`bkqfib @`rqb Bofqbof^
Anepane] &ic-J'

/6 KEB 02 KEB
/3,74 /6,/3
/3,/7 /5,1/
/2,22 /4,27

Seb fkpqob^j `ofqbof^ fk pbdjbkq pfu fk i^odb m^oq obcib`qba qeb obi^qfsb ilt mG s^irbp mobpbkq fk
qeb mi^kq bccirbkq- Oi^kq bccirbkq a^q^ colj I^kr^ov 1//0 qeolrde Rbmqbj_bo 1//4 fkaf`^qbp qe^q
qeb 88qe mbo`bkqfib mG clo mi^kq bccirbkq fp 6-2-

2-2 V^pqbil^a @iil`^qflkp
V^pqbil^a ^iil`^qflkp XVK@pa^ob abqbojfkba _v jriqfmivfkd fkpqob^j `ofqbof^ _v ^
afirqflk.ab`^v c^`qlo- @ pfqb,pmb`fcf` afirqflk c^`qlo e^p _bbk `^i`ri^qba clo `eolkf` t^pqbil^a
^iil`^qflkp ^q Mb^_p`l Bobbh- @ abc^riq afirqflk s^irb lc 19 0 fp rpba clo ^`rqb t^pqbil^a
^iil`^qflkp _^pba lk qeb c^`q qe^q qeb ^`rqb `ofqbof^ ^ob abcfkba ^p lkb e^ic lc qeb cfk^i ^`rqb s^irb
clo ^ pmb`fcf` qluf` mliirq^kq- Cb`^v fp qebk ^mmifba lk qlm lc qeb afirqflk c^`qlop ql absbilm qeb
afirqflk.ab`^v c^`qlo-
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Seb 1//2 mbojfq ob`ldkfwbp ^ka fk`lomlo^qbp ^ pfqb,pmb`fcf` afirqflk ^ka ab`^v pqrav `lkar`qba
_v Fobbibv ^ka G^kpbk fk 0886 qfqiba Near Field Mixing Analysis and Ammonia Permitting
Evaluationfor the H.L Mooney Wastewater Treatment Plant X0886pqrava- Seb `roobkq
bs^ir^qflk rpba qefp pqrav ^p qeb _^pfp clo absbilmfkd obsfpba afirqflk.ab`^v `lbccf`fbkqp clo qeb
pmofkd ^ka tfkqbo mbojfq mboflap XMlsbj_bo 0 qeolrde L^o`e 20a-

Seb 1//2 mbojfq pq^qbp !Rq^ccp lmfkflk fp qe^q kfqofcf`^qflk fk ^j_fbkq t^qbop fp kbdifdf_ib tebk
qbjmbo^qrob fp 8o 0Mz_,( XE^`qRebbq m^db 6a- A^pba lk qefpp ab`^v t^p klq `lkpfaboba arofkd qeb
tfkqbo ^ka pmofkd mbojfq mboflap- Seb 8/qe mbo`bkqfib qbjmbo^qrob clo pmofkd a^q^ `liib`qba ^q qeb
altkpqob^j mol_b clo qefp mbofla t^p 0OA°C. Crofkd qeb tfkqbo mbofla qeb 8/qe mbo`bkqfib
qbjmbo^qrob t^p clrka ql _b 00-5|B- Sebpb qbjmbo^qrobp tbob ^mmifba ql qeb clojri^p mobpbkqba
fk qeb 0886 pqravp obpriqfkd fk qeb `eolkf` afirqflk.ab`^v c^`qlop peltk fk S^_ib 3 _bilt-

DIJSM h I 5ISK\SI[ML 5PYVUQK 6QS\[QVUM6MKI 8IK[VYZ
Rai an]pqna /6 KEB

Behqpekj-Bah]u
D]_pkn
2,./
1,64
3,07

02 KEB

Behqpekj-Bah]u
D]_pkn
1,54
1,4/
3-85

GUA
02,72#
03,7/#
/6,7.#

GUA
04,4.#
05,5.#
0.,/4#

VK@p tbob `^i`ri^qba ^mmivfkd qeb afirqflk.ab`^v c^`qlop ql qeb fkpqob^j `ofqbof^- Seb obpriqp ^ob
mobpbkqba _bilt fk S^_ib 4-

DIJSM i I 5ISK\SI[ML GIZ[MSVIL 3SSVKI[QVUZ (moIL NVY ao IUL ch =96
/6 KEB 02 KEB

?_qpa Adnkje_ ?_qpa Adnkje_
UJ? UJ? UJ? UJ?
1/,70 //,64 14,07 //,/0
1.,16 2,61 12,4/ 2,30
06,66 1,04 10,76 1,.3



Oofk`b Vfiif^j Blrkqv Rbosf`b @rqelofqv
G-K- Lllkbv V^qbo Qb`i^j^qflk E^`fifqv

UOCDR Objifq Ml- U@//140/0
Hk,Rqob^j Llkfqlofkd Qbmloq

eJh @YVWVZML 6QZKPIYOM <QTQ[Z
Tpfkd Ubopflk 1-/-3 lc qeb Rq^qp moldo^j XVK@-DWDa^ka qeb ^jjlkf^ molql`li abq^fiba fk
Frfa^k`b Lbjl //,1/00p mbojfq ifjfqp clo qeb Lllkbv VQE tbob `^i`ri^qba colj qeb VK@
s^irbp- Seb 0-/ prjjbo ifjfq fp obnrfoba rkabo qeb Olqlj^` Dj_^vjbkq Rq^ka^oap- Seb t^qbo
nr^ifqv _^pba pq^ka^oap ^ob peltk ^ag^`bkq ql qeb 0-/ obnrfobjbkq- A^pba lk qebpb ^k^ivpbp qeb
molmlpba mbojfq ifjfqp ^ob mobpbkqba fk S^_ib 5 _bilt-

VZML @MYTQ[ IKfjfqp
/6 KEB

Uaaghu Kkjpdhu
Jeiep Jeiep
LJ LJ
4-7 3-7
3.9 3.3/1.0

02 KEB
Uaaghu Kkjpdhu

Jeiep Jeiep
LJ LJ
4-3 3-4
3.7 3.1/1.0

hJT 5VUKS\ZQVU
Seb p^jmifkd `lkar`qba rkabo qefp moldo^j ^iiltba qeb Oofk`b Vfiif^j Blrkqv Rbosf`b
@rqelofqv ql `liib`q prccf`fbkq a^q^ ql absbilm pfqb,pmb`fcf` mbojfq ifjfqp- Tkabo qeb 1//2 mbojfq
qefp t^p klq mlppf_ib arb ql qeb ifjfqba k^qrob lc qeb a^q^ ob`loa- Seb kb^oiv 0/ jlkqep lc
`lkqfkrlrp jlkfqlofkd ^ka _ftbbhiv do^_ p^jmibp ^iiltba s^ifa qefoqv,a^v `eolkf` `ofqbof^ ql _b
`ljmrqba ^ka qeb UHLR jlabi obpriqp ql _b `lkcfojba- @aafqflk^iivp qeb kbtiv bum^kaba a^q^
pbqptef`e fk`iraba !^olrka qeb `il`h! a^q^ Xo^qeboqe^k qelpb lkiv `liib`qba arofkd t^ojbo a^v,
ifdeq mboflapa ^iiltba clo qeb `^i`ri^qflk lc obsfpba ab`^v o^qbp qe^q tb _bifbsb jlob ^``ro^qbiv
obcib`q o^qbp qeolrdelrq qeb `^ibka^o vb^o ^ka ^`olpp mbojfq mboflap-

Seb kbtiv molmlpba mbojfq ifjfqp ^ob pifdeqiv jlob pqofkdbkq qe^q qeb 1//2 mbojfq ifjfqp _rq
obcib`q ^ jlob p`fbkqfcf`^iiv _^pba ^mmol^`e qe^k t^p mlppf_ib rkabo qeb mobsflrp mbojfq-



6^^T\SXe 65 CTPQ`R] 8_TTY <_PQ HP[^ZT 9PaP

B]pa
Railan]pqna ^u Qaciajp &.A'

0 2 3 4 5 6 7
.7-/2-.2 00,0 03,0 03,2
.7-01-.2 /7,1 0.,5 0.,7
.7-1.-.2 /7,7 0/,6 0/,6 0/,4 00,1 0/,7 0/,7
/.-0/-.2 /3,. /3,1 /3,0 /2,6 /2,4 /2,3 /2,3
/.-06-.2 /1,4 /2,. /2,7 /2,1 /2,1 /2,1 /2,/
//-/4-.2 7,7 //,2 /0,3 7,. 6,7 7,0 7,.
/0-.0-.2 6,1 6,/ /.,. /2,4 //,. 7,. 5,7
/0-/2-.2 3,4 3,4 4,1
./-04-.3 2,1 1,1 2,5 4,7 /,0 .,3 .,1
.2-//-.3 /3,1 /4,2 /4,2 /4,4 /5,. /5,1 /4,6
MQ-04-.3 /2,7 /4,. /4,2 /4,0 /4,1 /4,4 /4,3
.4-./-.3 /5,1 0/,/ 0.,7
.4-01-.3 0/,5 01,2 01,/ 01,4 02,/ 04,0 03,2
.5-.3-.3 01,5 04,4 04,0 04,6 04,6 05,2 05,6
.5-0/-.3 03,3 05,/ 05,6 06,/ 06,/ 07,4 1.,4
.6-//-.3 02,2 03,3 04,/ 04,7 06,/ 06,5 07,/
.6-00-.3 02,0 05,0 05,4 06,/ 06,1 06,7 06,6
.7-.4-.3 0/,/ 02,1 02,6 02,5 02,5 03,/ 03,/
.7-0/-.3 00,/ 01,2 01,7 01,6 02,0 03,0 03,0

B]pa ^= ^u Qaciajp &op]j`]n` qjepo'
0 2 3 4 5 6 7

.7-/2-.2 5,6 5,2 5,6

.7-1.-.2 5,/ 5,. 5,2 5,6 5,7 5,7 6,.
/.-0/-.2 5,1 5,0 5,1 5,0 5,1 5,3 5,3
/.-06-.2 5,0 5,4 5,3 5,6 5,5 5,6 5,6
//-/4-.2 4,7 5,0 5,/ 4,7 5,. 5,/ 5,1
/0-.0-.2 6,. 5,/ 5,4 5,6 5,5 5,0 5,1
/0-/2-.2 5,3 5,1 5,3
./-04-.3 5,. 4,6 5,/ 5,3 5,0 5,/ 5,/
.2-//-.3 5,2 5,/ 5,0 5,0 4,7 5,6 5,4
MQ-04-.3 6,1 6,. 5,7 5,7 5,6 6,/ 5,7
.4-./-.3 6,2 5,4 5,4
.4-01-.3 5,6 5,6 5,5 5,6 6,. 7,/ 7,0
.5-.3-.3 5,2 5,2 5,3 5,4 5,4 5,5 6,0
.5-0/-.3 6,. 5,3 5,3 5,4 5,4 5,7 7,.
.6-//-.3 5,6 5,4 5,2 5,3 6,. 7,/ 7,2
.6-00-.3 6,0 5,7 6,/ 6,2 6,4 7,. 7,/
.7-.4-.3 5,/ 5,3 5,4 5,6 6,/ 6,6 6,7
.7-0/-.3 5,6 5,4 5,2 5,2 5,2 5,4 5,4

Lkpa8 Bqa pk pe`]h _kj`epekjo* okia oaciajpo _]jjkp ^a na]_da` ]p ]hh peiao, Rdanabkna* pdana sehh ^a okia
^h]jgo bkn oaciajpo 2 pk 5,



Fibkk G^osbv
Oofk`b Vfiif^j Blrkqv Rbosf`b @rqelofqv
3 Blrkqv Bljmibu Blroq
Q^vjlka Rmfqqib Arfiafkd
Vlla_ofadbp U@ 11081

Qb9 B^i`ri^qflk lc Oolmlpba @jjlkf^ Kfjfqp clo G-K- Lllkbv V^qbo Qb`i^j^qflk E^`fifqv
UOCDR Obojfq Ml- U@//140/0

Hk ^``loa^k`b tfqe vlro obnrbpqp tb e^sb ob,`^i`ri^qba qeb ^mmolmof^qb ^jjlkf^ `ofqbof^p t^pqbil^a
^iil`^qflkpp ^ka molmlpba mbojfq ifjfqp clo qeb G-K- Lllkbv V^qbo Qb`i^j^qflk E^`fifqv _^pba lk qeb
cliiltfkd Rb^plkp . Obojfq Oboflap9

Vfkqbo XMls 0 , I^k 20a
Rmofkd XEb_ H , L^o 20a
Rrjjbo X@mofi 0 , N`q 20a

Seb moflo obmloq lk qefp qlmf`p lnstream Monitoring Report for the Evaluation of Ammonia Effluent
Limitations, 2005 rpba ^ Eb_ 04 a^qb clo qeb _ob^h _bqtbbk Vfkqbo ^ka Rmofkd mbojfq mboflap-

Seb `e^kdb fk mbojfq mbofla obpriqp fk pj^ii `e^kdbp ql qeb `ofqbof^p t^pqbil^a ^iil`^qflkp ^ka mbojfq ifjfq
`^i`ri^qflkp fk pbsbo^i q^_ibp fk qeb obmloq- Abilt ^ob peltk S^_ibp 4 ^ka 5ptef`e abq^fipqeb B^i`ri^qba
V^pqbil^a @iil`^qflkp ^ka qeb Oolmlpba Obojfq Kfjfqp-

R]^ha 38 A]h_qh]pa` U]opahk]` ?hhk_]pekjo &ic-J' bkn /6
]j` 02 KEB

/6 KEB 02KEB
?_qpa Adnkje_ ?_qpa Adnkje_

Qa]okj- Naniep Nanek` UJ? UJ? UJ? UJ?
Uejpan &Lkr / + H]j
1/' 1/,70 /1,33 14,1. /0,5/
QlnejO &Da^ / + K]n 1/' 1.,16 2,7. 12,40 2,36
Qqiian &?lneh / + M_p
1/' 06,66 1,01 10,76 1,.1

Qa]okj- Naniep
Nanek`
Uejpan &Lkr / + H]j
1/



Qlnejc &Da^ / + K]n
1/' 3,7 2,7 3,3 2,4
Qqiian &?lneh / + M_p
1/' 1,7 1,0 1,4 1,.

Mlqb qe^q qeb `roobkq ^k^ivpfp afa klq obork qeb jfufkd jlabi rpba fk qeb 0886 obmloqp Near Field Mixing
Analysis and Ammonia Permitting Evaluationfor the H.L. Mooney Wastewater Treatment Plant, ql
ob`^i`ri^qb afirqflk ^ka ab`^v c^`qlop- Seb `roobkq ^k^ivpfp ^ipl afa klq obork qeb UHLR jlabi ql
ob`^i`ri^qb ^`rqb `ofqbof^p ^p t^p alkb fk qeb 1//4 obmloq-

C^kfbi R`eb`eqbop OD
@ppl`f^qb



67@3BD., a>D ?8 7>F;B?>=7,I,3< AE3<;DH
Water ~~~ision- Office of Water Perait Support

629 East Main street Richmond, Virginia 23219

,iL8xxjsxnj
, DC@ 1/ /775

Lyle Anne Collier, NRO
M. Dale Phillips, OWPS ~l/~(~-

February 18, 1997 Lknpdanj T?, Pacekj
Balp, kb Cjr, Mq]hepu

I have completed a review of the technical memorandum that addresses
the comments we had on the original study and provides additional
material. I believe that the 1995 mixing study and this addendum
provide estimates of exposure times that are sUfficiently reasonable
to provide the basis for the calculation of permit limits.
Call if you have questions or comments.

?pp]_diajp '
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Akqjhu

4anre_a ~iT9elofiX ;
F, J, Kkkjau U]opas]pan Rna]piajp Nh]jp

N, M, @kt 0044,/63/ Pellkj @kqhar]n`, Ukk`^ne`ca* Tenceje] 00/71+.044 | &5.1' 45.+6/./ | D]t &5.1' 45.+6/./

Ko, Juha ?jja Akhhean
Tenceje] Bal]npiajp kb Cjrenkjiajp]h Oq]hepu
Lknpdanj Tenceje] Pacekj]h Mbbe_a
/17./ Anksj Akqnp
Ukk`^ne`ca* T?, 00/71

Lknpd1nj T?, Pacekj
Nbyq- lc Dks- ?\4[Q[`

Nnej_a Uehhe]i Akqjpu Qanre_a ?qpdknepu
F, J, Kkkjau UURN LNBCQ Naniep Paeooq]j_a

Ua ]na lha]oa` pk lnkre`a pda aj_hkoa` _kleao kb pda pa_dje_]h iaikn]j`qi
(La]n Deah` Ketejc ?j]huoeo ]j` ?iikje] Nanieppejc Cr]hq]pekj bkn pda F, J, Kkkjau
U]opas]pan Rna]piajp Nh]jp(, Ua ^aheara pdeo `k_qiajp lnkre`ao ] pa_dje_]hhu okqj`
^]oeo bkn sejpan peia ]iikje] laniep heiepo ]j` ]hok odkso pd]p pda lnklkoa` Nkpki]_
Ci^]uiajp Qp]j`]n`o bkn ]iikje] ]na bqhhu lnkpa_pera `qnejc pda oqiianpeia,

@]oa` kj pda ]j]huoao pda namqaopa` ejopna]i s]opa _kj_ajpn]pekjo &GUa' pk
qoa ej ]ooaooejc pda _dnkje_ pkte_epu lkpajpe]h kb oq^op]j_ao ]j` sdkha abbhqajp ]na ]o
bkhhkso8



/,,,,
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Rda namqaopa` ]iikje] laniep heiepo &ej mg/L ]o L' bkn pda Kkkjau UURN ]na
]o bkhhkso8 qI

Rdaoa abbhqajp heiepo bkn ]iikje] `k jkp nabha_p ]ju ]``epekj]h naheab kbbana` ^u
pda kqp_kia kb kqn lnklkoa` oepa+ola_ebe_ ]iikje] opq`u, Ua sehh gaal ukq ]lln]eoa`
kb kqn lnkcnaoo,

Nha]oa _]hh K]ng G:ajja`u &1./+6/5+15..' kn Qpara @ajjapp &5.1+45.+6/./' eb
ukq d]ra mqaopekjo kn eb ukq skqh` hega pk `eo_qoo pdaoa eooqao bqnpdan,

Qej_nnahu* -w
.. p.-I
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Fe_d] ] A, Rdkaoaj* N,C,
Bena_pkn kb Cjcejaanejc $ U]opas]pan

__8 Pk^anp A]jd]i
Qpara @ajjapp
K]ng Iajja`u &Enaahu $ F]joaj'



NPGLAC UGJJG?K AMSLRW QCPTGAC ?SRFMPGRW
@?QGA MPBCPGLE ?EPCCKCLR* R?QI MPBCP LM, /2

Technical Memorandum
Near Field MLting Analysis and Ammonia Permitting Evaluation for the

HI. Mooney Wastewater Treatment Plant

Enaahau ]j` F]joaj
H]jq]nu /775

0- HMSQNCTBSHNM
Seb Oofk`b Vfiif^j Blrkqv Rbosf`b @rqelofqvIp XOVBR@a G- /, Lllkbv V^pqb[[I^qbo Sob^qjbkq Oi^kq
afp`e^odbp qob^qba bccfrbkq ql Mb^_p`l Bobbhp ^ `lkpqof`qba bj_^gjbkq lc qeb Olqlj^` Qfsbo- Seb Oi^kq
bjrbkq jrpq jbbq qeb obnrfobjbkqp lc qeb Olqlj^` Dj_^vjbkq Rq^ka^oap XODRa clo ^jjlkf^ fk qeb
prjjbo jlkqep X@mofi,N`ql_boa ^ka t^qbo nr^ifqv,_^pba ^jjlkf^ pq^ka^oap fk qeb tfkqbo jlkqep
XMlsbj_bo,L^o`ea- Rmb`fcf`^iivp qeb ODR obnrfob ^ 2/,a^v ^sbo^db bccfrbkq `lk`bkqo^qflk lc 0 jdHK lc
^jjlkf^ ^p kfqoldbk X@mofi qeolrde N`ql_boa ^ka qeb t^qbo nr^ifqv,_^pba pq^ka^oap ^ob qelpb mr_ifpeba
fk the Ufodfkf^ V^qbo Pr^ifqv Rq^ka^oap ^q UQ 57/,1i,/0-03-A-

Seb Ufodfkf^ Cbm^oqjbkq lc Dksfolkjbkq^i Pr^ifqv XUCDPa absbilmba mobifjfk^ov mbojfq ifjfqp clo
^jjlkf^ ^ka fkfqf^qba afp`rppflkp [[fqe qeb OVBR@ ^p m^oq lc qeb UOCDR mbojfq obfppr^k`b mol`bpp- Seb
mromlpb lc qefp qb`ekf`^i jbjlo^karj fp ql ^ppfpq qeb OVBR@ fk absbilmfkd ^mmolmof^qb t^qbo nr^ifqv,
_^pba mbojfq ifjfqp clo ^jjlkf^ ^ka ql ^aaobpp rma^qbp ql qeb Mb^_p`l Bobbh afirqflk jlabip kb^o,cfbia
jfufkd ^ka ^k bs^ir^qflk lc ^j_fbkq mG ^ka qbjmbo^qrob a^q^ rpba fk qeb ^jjlkf^ mbojfqqfkd mol`bpp clo
qeb g[0//kbv VVSO-

1- Mb^_p`l Bobbh Cfirqflk Llabifkd , Tma^qb
@ obmloq lk qeb cfopq me^pb lc qeb afirqflk pqrav t^p pr_jfqqba ql qeb UCDP clo obsfbt ^ka molsfaba ^
qb`ekf`^i _^pfp clo ^jjlkf^ mbojfq ifjfq^qflkp kb`bpp^ov fk qeb Lllkbv VVSO mbojfq XFobbibv ^ka
G^kpbk ^ka Kfjkl,Sb`ep Hk`-p 0884a- Seb obmloq mobaf`qba afirqflk o^qbp clo qeb Lllkbv VVcO bccfrbkq
fk qeb s^oflrp Mb^_p`l Bobbh Llabi pb`qflkpp qeb qfjbp lc bumlprob clo ^ aofcqfkd lod^kfpj ^ka qeb ibkdqe
lc qfjb kb`bpp^ov ql cirpe ^ka obmi^`b qeb ob`bfsfkd t^qbo fk qeb sf`fkfqv lc qeb Lllkbv VVSO lrqc^ii-

^- Seb Mb^_p`l Bobbh Llabi ^pprjbp `ljmibqb jfu fk b^`e lc qeb jlabi pbdjbkqp ^ka
qebobclob `^kklq _b rpba ql abcfkb qeb buqbkq lc ^`rqb mevpf`^i jfufkd ^ob^ XOL@a-



_- Seb evao^rif` _be^sflo lc qeb pvpqbj ZMb^_p`l Bobbha fp tbii hkltk _b`^rpb qeb jlabi

t^p `^if_o^qba ^ka sbofcfba rpfkd avb pqrav obpriqp-

`- Gvao^rif` cirpefkd qfjb ^ka aofcqfkd lod^kfpj bumlprob mobaf`qflkp ^ob ^ s^ifa jb^kp lc

abcfkfkd qeb aro^qflk lc bumlprob clo `eolkf` qluf`fqv-

a- Eirpefkd qfjb fk qeb iltbo pbdjbkqp lcMb^_p`l Bobbh Zkb^obo ql qeb Olqlj^` Qfsboa kbba
ql _b fk`iraba fk qeb bs^ir^qflk _bclob ^mmols^i lc qeb obpriqp clo `eolkf` qluf`fqv j^v _b

j^ab-

UCDP pq^cc obnrbpqba qe^q qeb C^ib Bfqv UZTRN cilt _b `lkpfaboba ^p ^ mliirq^kq plro`b bnrfs^ibkq ql qeb

Lllkbv UURN, Llabi orkp tbob pr_pbnrbkqiv ork fk`lomlo^qfkd qebpb ^aafqflk^f c^`qlop fk loabo ql criiv

^aaobpp UCDP `lk`bokp-

cJa >MIYI8QMSL =Q_QUO 7]IS\I[QVU
Seb mromlpb lc qeb kb^o,cfbia jfufkd bs^ir^qflk fp ql `lkcfoj qe^q o^mfa ^ka `ljmibqb jfufkd q^hbp mi^`b

tfqefk jlabi pbdjbkqp 4 ^ka 5 lcMb^_p`l Bobbh ^ka ql bpq^_ifpep fc mlppf_ibp qeb buqbkq lc ^k ^`rqb
mevpf`^i jfufkd ^ob^-

~ L^fkq^fkfkd qeb Lllkbv V[UcO ciltp ^q 07 ^ka 13 LFC

~ U^ovfkd j^kkfkdp !k! c^`qlo Xclocff`qflka ql ^ppbpp qeb bccb`q lc ^nr^qf` sbdbq^qflk

lk jfufkd `e^o^`qbofpqf`p-

~ Rrjjbo X6PH/<N-N LFCa ^ka tfkqbo X6PHN<i-/2 LFCa ^j_fbkq rmpqob^j
cilt

~ C^ib Bfqv VVSO cilt bnr^i ql 5 LFC

~ Lfufkd mirjb _rlv^k`v arb ql qbjmbo^qrob bccb`qp

~ @aafqflk^i fkmrqp kb`bpp^ov clo qeb jlabi ^p peltk fk @qq^`ejbkq 0



Bljmibqb Lfufkd Cfpq^k`b ^ka So^sbi Sfjb
clo GK- Lllkbv VVSO Cfp`e^odb ql Mb^_p`l Bobbh-

Rb^plk^i ^ka qfa^i

`lkafqflkp
Lllkbv? 07 LFC Lllkbv? 13 LFC

Sfjb Xelropa Cfpq^k`b Xjbqbopa Sfjb Xelropa

Rrjjbo
Ml qfa^i jlsbjbkq

Vfqe tidal jlsbjbkq
/1/
70

124

6/

1-3

/-5

Vfkqbo
Ml qfa^i jlsbjbkq
Vfqe qfa^i jlsbjbkq

/63
69

3,7&/'

/-8

5. ,

66
/-8
0-/

^- Elo _lqe prjjbo ^ka [[,fkqbo `lkafqflkpp BNQLHW2 `lkcfojp qe^q qeb Lllkbv V[USO
bjrbkq `ljmibqbiv jfubp ^`olpp Mb^_p`l Bobbh tfqefk ^ j^ufjrj afpq^k`b lc 58 ql 124

jbqbopp abmbkafkd lk qeb pb^plkp qfa^i `lkafqflkp ^ka bccirbkq cilt o^qb-

_- Seb mobaf`qba j^ufjrj `ljmibqb jfu afpq^k`b fp ibpp qe^k qeb ibkdqe lc qeb UHLR

Mb^_p`l Bobbh Llabi pbdjbkqp 4 ^ka 5p tef`e ^ob 25/ ^ka 38/ jbqbop obpmb`qfsbiv-

Sebobclobp qeb UHLR Mb^_p`l Bobbh Llabi `ljmibqb jfu ^pprjmqflk fp s^ifa-

`- Seb obi^qflkpefm _bqtbbk qeb qo^sbi qfjbp ^ob dbkbo^iiv `loob`q Xbu`bmq clo lkb [I!fkqbo

pfjri^qflk klqba ^_lsba ^ka qeb qfjbp ^ob ibpp qe^k lo bnr^i ql lkb elro tebk qfa^i

jlsbjbkq fp `lkpfaboba-

a- U^ovfkd L^kkfkdp !k! cof`qflk c^`qlo e^a ifqqib lo kl bccb`q lk qeb kb^o cfbia jfufkd

`e^o^`qbofpqf`p- Sebobclobp qeb mobpbk`b lc ^nr^qf` sbdbq^qflk pelria klq pfdkfcf`^kqiv

^ccb`q jfufkd `e^o^`qbofpqf`p lo qeb buqbkq lc qeb mevpf`^i jfufkd ^ob^-

cJc EWLI[ML >MIJZKV 5YMMR 6QS\[QVU 3UIS`ZQZ

Seb Mb^_p`l Bobbh Llabi t^p ^mmifba ql bs^ir^qb afirqflk fk Mb^_p`l Bobbh fk qeb mobsflrp obmloq- Sefp

jlabi fp obkj ebob ql obpmlka ql UCDP `ljjbkqp ^ka fk`lomlo^qbp qeb cliiN[[fkd `e^kdbp9



~ L^fkq^fkfkd qeb Lllkbv VUHSO ciltp ^q 07 ^ka 13 LFC-

~ Rbm^o^qb prjjbo X6PH/ < /-/ LFCa ^ka [[fkqbo `lkafqflkp X6PH/ < 0-/2 LNCa

^p molsfaba _v UCDP-
~ Cfirqflk [[fqe pbqqifkd ^ka tfqelrq pbqqifkd-
~ C^ib Bfqv VVcO cilt equal ql 5-/ LFC [[fqe qeb p^jb mliirq^kq `lk`bkqo^qflkp

^p qeb Lllkbv VVSO Xf-b-kl afirqflk colj qeb C^ib Bfqv cilta-

Seb obpriqp lc qeb jlabi ^ob mobpbkqba fk S^_ib 0 XCfirqflkQ^qbpa ^ka fk S^_ib 1 XDumlprob Sfjbpa- Sebpb

rma^qba obpriqp al klq fkaf`^qb ^p jr`e afirqflk ^s^fi^_ib ^p fk qeb mobsflrp jlabi orkp- Sebv alp

eltbsbop molsfab ^ _^pfp clo afirqflk clo _lqe qeb Dale Bfqv ^ka Lllkbv V[UcOp _^pba lk aofcqfkd

lod^kHpj bumlprob-

1-2 Cofcqfkd Nod^kfpj Dumlprob @k^ivpfp clo Beolkf` Sluf`fqv Ds^ir^qflk
Mb^_p`l Bobbh fp ^ qfa^iiv cirpebap `lkpqof`qba bj_^vjbkq lc qeb Olqlj^` Qfsbo- Seb `obbh fp kbfqebo cobb, ,
cil[[0kd klo ^ abbm qfa^i t^qbo ^ka qebobclob c^iip lrqpfab qeb kloj^i m^qqbok abp`of_ba fk UCDP drfa^k`b-

@ aofcqfkd lod^kfpj bumlprob qfjb lc qtl a^vp Xfkpqb^a lc clro a^vpa t^p rpba fk ^``loa^k`b tfqe UCDP

drfa^k`b ql gradb qeb ^``bmq^_fifqv lc ^k bccirbkq tfqe obd^oa ql `eolkf` qluf`fqv- Sefp ^mmol^`e t^p
afp`rppba fk abq^fi fk qeb mobsflrp obmloq XFobbibv ^ka G^kpbk ^ka Kfjkl, Sb`ep Hk`-p 0884a-

UCDP obnrbpqba fk qebfo obsfbt lc qeb mobsflrp obmloqp qe^q qeb Dale Bfqv VVSO cilt _b fk`iraba fk qeb

jlabi ^p ^ mliirq^kq plro`b bnr^i ql qeb Lllkbv VVSO- Seb rma^qba Mb^_p`l Bobbh afirqflk ^k^ivpfp

fk`lomlo^qbp qefp ob`ljjbka^qflk- Gltbsbop qefp jlafcf`^qflk obpriqp fk qeb jlabi abp`of_fkd klq lkiv qeb

Lllkbv VVSO fjm^`q _rq qeb fjm^`qp lc qeb Dale Bfqv VVSO ^p tbii- Rfk`b qebob ^ob kl lqebo mlfkq

plro`b afp`e^odbp ql Mb^_p`l Bobbhp qeb rma^qba jlabi obpriqp molsfab ^ _^pfp clo ^ t^pqbil^a ^iil`^qflk

clo qeb bkqfob t^qbo _lav- @p pr`ep fq fp ^mmolmof^qb ql `lkpfabo ^ aofcqfkd lod^kfpj bumlprob ql `eolkf`

qluf`fqv clo ^ crii clro X3a a^vp o^qebo qe^k qtl X1aa^vp- Seb p^cbqv c^`qlo ql ^``lrkq clo ^aafqflk^i

afp`e^odbp kbba klq _b j^fkq^fkba pfk`b _lqe afp`e^odbop ql Mb^_p`l Bobbh e^sb _bbk fk`lomlo^qba fkql
qeb p^jb jlabi-

Seb jbqela ql `^i`ri^qb qeb ^sbo^db bjrbkq bumlprob lc ^ aofcqfkd lod^kfpj fp ql jriqfmiv qeb afirqflk

c^`qlo fk b^`e pbdjbkq Xfkqbojp lc mbo`bkq bccirbkqa _v qeb qfjb qeb lod^kfpj fp obpfabkq fk qe^q pbdjbkq-

Seb molar`qp lc pbdjbkq afirqflkp ^ka bumlprob qfjbp ^ob qebk ^aaba ^ka qeb prj fp afsfaba _v qeb

`rjrI^qf[Ib bumlprob clo qeb lod^kfpj ,, ebia ql clro a^vp clo qeb mromlpbp lc `eolkf` qluf`fqv bs^ir^qflkp-

Seb `^i`ri^qflkp clo qeb Lllkbv VVSO ^ob fk @qq^`ejbkq 1 ^ka qeb obpriqp ^ob ^p cliiltp9



@sbo^db9ElroyZa^v Dccfrykf Dumlprob clo^ Cofcqfkd Nod^orpi00
X^0lbo`bkqbccirbkqa
Lllkbv > 07 LFC

28-069 &/'

Lllkbv > 13 LFC

30-739 Xya

Mls , L^o 26-819 &G'

Mlqbp9 X0aElro,a^v bumlprob qbojfk^qbp fk jlabi pbdjbkq 8-
X1aElro,a^v bumlprob qbojfk^qbp fk jlabi pbdjbkq 0/-
X2aElro,a^v bumlprob qbojfk^qbp grpq fkpfab jlabi pbdjbkq 00-

Seb 3,a^v bumlprob fk b^`e p`bk^ofl _bdfkp fk jlabi pbdjbkq 4 ^ka qbojfk^qbp fk jlabi pbdjbkqp 8p 0/
lo G G abmbkafkd lk qeb ^j_fbkq `lkafqflkp ^ka VVSO cilt- Sefp jb^kp qe^q qeb aofcqfkd lod^kfpjp
_bdfkkfkd ^q pbdjbkq 4 XqebLllkbv afp`e^odba !fii aofcq ql pbdjbkqp 8p 0/ lo G H fk clro a^vp- Seb
bumlprobp sho\'m ^_lsb X^pmbo`bkq bccirbkqa ^ob clo `lkpbos^qfsb pr_pq^k`bp psef`e al klq pbqqib lo ab`^v
^ka ^ob ^mmolmof^qb clo telib bccirbkq qluf`fqv qbpqfkd bs^ir^qflkp- Gltbsbop ^jjlkf^ fp klq ^
`lkpbkI^qfsb pr_pq^k`b ^ka rkabodlbp ab`^v ^p fq fp `lksboqba fkql afccbobkq kfqoldbk clojp- @ cfopq loabo
ab`^v o^qb `lbccf`fbkq lc /-1 a^v}0 t^p abofsba _v qeb Ufodfkf^ Hkpqfqrqb lc L^ofkb R`fbk`bp XUHLRa ^ka
rpba fk qeb lofdfk^i Mb^_p`l Bobbh jlabi ql mobaf`q qefp ^jjlkf^ ab`^v- Sefp lofdfk^i ab`^v o^qb
`lbccf`fbkq t^p _^pba lk ^k ^j_fbkq qbjmbo^qrob lc 1/|B _rq `^k _b ^agrpqba ql lqebo qbjmbo^qrobp rpfkd
UCDP drfa^k`b XNVQ-p[0Frfa^k`b jbjl Ml- 82,/04p @jbkajbkq Ml-0 ,, Lfufkd Ylkbpp m^db 07a-

UCDP mlif`v `^iip clo `lkpfabo^qflk lc ^jjlkf^ ab`^v lkiv fk qeb prjjbo jlkqep _rq klq fk qeb tfkqbo-
Seb ob^plk clo qeb mlif`v fp qe^q ^jjlkf^ ab`^v fp oba r`ba !fqe qbjmbo^qrob- Gltbsbop UCDP drfa^k`b
^ipl _^pbp qeb t^qbo nr^ifqv pq^ka^oa clo ^jjlkf^ lk qeb 8/qe mbo`bkqfib qbjmbo^qrobp tef`e clo Mb^_p`l
Bobbh fp 07-7|B- Seb ^jjlkf^ ab`^v o^qb `lbccf`fbkq e^p _bbk obar`ba ebob clo qeb 8/qe mbo`bkqfib
qbjmbo^qrob lc qeb !fkqbo jlkqep- Seb `lj_fk^qflk lc `lkpbos^qfsb c^`qlop fk`irafkd qeb _f^pba efde mG
fp ob^plk ql `lkpfabo fk`irpflk lc ^ qbjmbo^qrob ^agrpqba ab`^v ^p ^ ob^plk^_ib _^pfp clo mbojfq `^i`ri^qflk-
@agrpqfkd qeb `lbccf`fbkq ql qeb 8/qe mbo`bkqfib qbjmbo^qrob lcMb^_p`l Bobbh Xf-b- 07-7|Ba obpriqp fk ^
kbt `lbccf`fbkq lc /-0713 a^v}i- @mmivfkd qefp o^qb lc ab`^v clo qeb clro a^vp lc bumlprob tlria obar`b
qeb bjrbkq bumlprob clo ^jjlkf^ ^p cliiltp9

@sbo^db Elro,C^v @jjlkf^ Dumlprob clo ^ Cofcqfkd Nod^kfpj
X^pmbo`bkq bjrbkqa}

Lllkbv ? 07 LFC
GUa, 'OoIvl-> •••••• Ps)_,
07-789
07-179

Lllkbv ? 13 LFC
Ht`-- C:H!o!b=ky`99--
1/- H 79 .;IJ.[J
08-439 !S.I2.

@mo , N`q
Mls , L^o

Sebpb ^jjlkf^ bumlprob `lk`bkqo^qflkp pelria _b rpba ql `^i`ri^qb qeb ^jjlkf^ t^pqbil^a ^iil`^qflk clo
qeb ycllkbs V[USO-



2- Cbsbilmjbkq lc @jjlkf^ V^pqbil^a @iil`^qflkp ^ka Obkkfq Kfjfq^qflkp
Seb t^pqbil^a ^iil`^qflk `^k _b `^i`ri^qba _v afsfafkd qeb t^qbo nr^ifqv pq^ka^oa _v qeb bccb`qfsb afirqflk

c^`qlo bumobppba as mbo`bkq bccirbkq- Sebpb i^qqbo afirqflk c^`qlop e^sb _bbk abqbojfkba fk qeb mobsflrp

pb`qflk- Seb pbib`qflk lc qeb ^mmolmof^qb t^qbo nr^ifqv pq^ka^oa clo ^jjlkf^ abmbkap lk qeb ^j_fbkq mG

^ka qbjmbo^qrob lc qeb ob`bfsfkd t^qbo-

2-0 Rbib`qflk lc ^j_fbkq mG ^ka qbjmbo^qrob s^irbp ^ka qeb obpriqfkd ^jjlkf^ t^qbo nr^ifqv
pq^ka^oa

Rbsbo^i pbqp lc mG ^ka qbjmbo^qrob a^q^ e^sb _bbk fabkqfcfba fk qeb mbojfqqfkd mol`bpp _v UCDP- Sebpb

a^q^ ^ob colj qeb Lllkbv VVSO bccirbkqp Mb^_p`l Bobbh 4/ cbbq ^_lsb qeb Lllkbv VVSO lrqc^iip

Mb^_p`l Bobbh ^q qeb Qlrqb 0 _ofadb ^ka jfat^v fkql Mb^_p`l A^v- Nqebo mG a^q^ rpbcri ql qeb
mbojfqqfkd mol`bpp ^ob ^q Abijlkq A^v ^ka ^q pq^qflkp fk qeb kb^o_v Olqlj^` Qfsbo pel[[SH fk Efdrob 0-
UCDP drfa^k`b obnrfobp qeb rpb lc 8/qe mbo`bkqfib a^q^ ql bs^ir^qb ^jjlkf^ qluf`fqv- Seb 8/qe

mbo`bkqfibp lc ^s^fi^_ib mG a^q^ ^ob as cliiltp9

C^q^ Rlro`b Mrj_bo ^cC^q^ Olfkqp 8/qe Obo`bkqfib mG s^irb

Lllkbv VVSO Dccirbkq 0534 6-12

Mb^_p`l Bobbh 4/I ^_lsb ET >
qeb Lllkbv VVSO Nrqc^ii

Mb^_p`l Bobbh ? Qlrqb 0 030 6-4

Mb^_p`l A^v 1-03 8-6

Abijlkq A^s 1/5 8-8

Vllaolt Vfiplk Aofadb XOlqlj^`a 22p573 7-/

Cldrb Bobbh XOlqlj^`a 468 7-0

Hkaf^k Gb^ap LC XOlqlj^`a 0065 7-1

Pr^kqf`l Bobbh XOlqlj^`a 646 7-0

@nrf^ Bobbh XOlqlj^`a 474 7-/

Seb a^q^ fkaf`^qb jfia mG cir`qr^qflkp abmbkafkd lk qeb qfjb lc vb^op tfqe efdebo mGp

jb^proba fk qeb prjjbo jlkqep arb ql fk`ob^pba melqlpvkqebqf` ^`qfsfqv- Seb Vllaolt

Vfiplk Aofadb Rq^qflk t^p jb^proba `lkqfkrlrpiv colj 0878,0881 ^ka abjlkpqo^qba qeb

afrok^i m^qqbok lc mG cir`qr^qflkp arb ql melqlpvkqebqf` ^`qfsfqv-



_- Mb^_p`l ^ka Abijlkq A^vp _lqe ^ag^`bkq ql qeb N``lnr^k A^v- e^sb qeb efyebpq 8/qe
mbo`bkqfib mGp

Mb^_p`l ^ka Abijlkq A^vp ^ob pe^iilt bj_^vjbkqp lc qeb Olqlj^` Qfsbo- Sebfo pe^iilspI
abmqe mbojfqp efdebo qbjmbo^qrobp ^ka jlob ifdeq mbkbqo^qflk ql prmmloq ^nr^qf` mi^kq ifcb-
Seb mG ptfkdp fk qebpb t^qbo_bap ^ob obcib`qfsb lc qefp fk`ob^pba melqlpvkqebqf` ^`qfsfqv-
Bib^oivp fc qeb ^j_fbkq mG lc qebpb _^vp tbob `lkpfpqbkqiv ^_lsb 8-/p qeb ^nr^qf` ifcb fk
qebpb ^ka ^ag^`bkq t^qbo _lafbp tlria _b ^asbopbiv ^ccb`qba- Seb efdebpq mG s^irbp
qvmf`^iiv l``ro fk qeb b^oiv ql jfa,^cqbokllk tef`e fp tebk p^jmifkd rpr^iiv l``rop- HcmG
p^jmifkd tbob `lkqfkrlrpp fk`irafkd kfdeq ^ka b^oiv jlokfkd ob^afkdpp qeb 8/qe mbo`bkqfib
s^irbp clo qebpb _^vp tlria _b pel[[00 ql _b iltbo- Sefp efde mG _f^p ^aap ^ ibsbi lc
`lkpbos^qfpj ql qeb ^k^ivpfp lc qeb a^q^-

`- Mb^_p`l Bobbh 8/qe mbo`bkqfib mGp ^ob iltbo qe^k qeb //qe mbo`bkqfib mGp fk qeb
bj_^vjbkqp ^ka qeb Olqlj^` Qfsbo-

Seb ilt afirqflk mobaf`qba fk qeb Mb^_p`l Bobbh Xf-b-qeb efde mbo`bkq^db lc bccirbkq fk qeb
`obbha fkaf`^qbp qe^q bccirbkq `e^o^`qbofpqf`p tfii fkcirbk`b qeb `obbh jlob qe^k qeb ^j_fbkq
t^qbo ^s^fi^_ib colj qeb fk`ljfkd pqob^j ^ka qfa^i jlsbjbkqp- Seb mG a^q^ _b^op qefp
lrq tfqe qeb VVcO bccirbkqp bccb`qfsbiv _rqSbofkd qeb ^j_fbkq Mb^_p`l Bobbh mG- Seb
Mb^_p`l Bobbh 8/qe mbo`bkqfib mG fp 6-72 Xklqdob^qbo qe^k 8-/ ^p fk Mb^_p`l A^va ^ka fp
dob^qiv fkcirbk`ba _v qeb bccirbkqp lc qeb C^ib Bfqv ^ka Lllkbv VVSOp arb ql qeb
jfkfj^i afirqflk ^s^fi^_ib- @p qeb Lllkbv VVSO bum^kap ^ka fk`ob^pbp fqp cilt ql 07
^ka 13 LFCp qeb fkcirbk`b lc qeb qob^qba bccirbkqp lk mG tfii also fk`ob^pb- Hq fp fjmloq^kq
ql klqb qe^q melqlpvkqebqf`^iiv fkar`ba afrok^i mG cir`qr^qflk ^ipl l``rop fk Mb^_p`l
Bobbhp _rq [[fqe ^ iltbo ^jmifqrab arb ql qeb _rccbofkd bccb`q lc qeb VVSO bccirbkqp-
Gltbsbop fq `^k _b bumb`qba qe^q qeb Mb^_p`l Bobbh mG lc 6-72 fp ^ipl _f^pba efde arb ql
qeb qfjb lc p^jmifkd-

Seb ^j_fbkq mG ^ka qbjmbo^qrob pbib`qba ql abqbojfkb qeb ^jjlkf^ t^qbo nr^ifqv pq^ka^oa pelria obcib`q
qeb `lkafqflkp lc qeb t^qbo _lav fk nrbpqflk- Rfk`b qeb aofcqfkd lod^kfpj tfii obj^fk tfqefk Mb^_p`l Bobbh
clo almost qeb bkqfob clro a^vpp qeb `eolkf` ^jjlkf^ t^qbo nr^ifqv pq^ka^oap tef`e fp ^mmifba ^p ^ clro,a^v
bumlprobp pelria _b _^pba lk qeb ^s^fi^_ib Mb^_p`l Bobbh mG ^ka qbjmbo^qrob a^q^- Sebobclob qeb
Mb^_p`l Bobbh mGp X6-71 clo prjjbo ^ka 6-75 clo tfkqboa ^ka qbjmbo^qrobp X16|B clo prjjbo ^ka
07-7|B clo [[fkqboa `^k _b rpba ql `^i`ri^qb qeb `eolkf` ^jjlkf^ `ofqbof^ Rbb- l 5̂ --- ;f,, x 5

,Vs,y;99, abo9UBK,Glk D~ oz-pb-y
VoJ.~~

Seb efdebo mG s^irbp lcMb^_p`l A^v pelria klq _b rpba ql `^i`ri^qb qeb `eolkf` ^jjlkf^ `ofqbof^ clo qeb
cliiP[[fkd ob^plkp9



8PZRbZPaX\V aWT :e^]`b_T 8]\RT\a_PaX]\ U]_ P 9_XUaX\V D_VP\X`[ X\ CTPQ`R] 7Pf
(Temperature Data from G&H, 2005; Other information is taken directly from G&H, 1997)

Uejpan Akj`epekjo &//-/ pk 0-/2'* Kkkjau ? /6 KEB

#Cbbhqajp Ctlkoqna
Aqiqh]pera Ctlkoqna

Qaciajp Behqpekj Ctlkoqna
&/-`ehqpekj' Reia &`]uo'

&`]uo'
Nnk`q_p

3 /,2 .,5/2 .,/7 .,/7 .,/14

4 /,4 .,403 .,25 .,44 .,072

5 0 .,3.. .,06 .,72 .,/2.

6 0,5 .,15. /,0 0,/2 .,222

7 1,5 .,05. /,64 2 .,3.1

Uejpan Akj`epekjo &//-/ pk 2114), Kkkjau ? 02 KEB

#Cbbhqajp Ctlkoqna Aqiqh]pera
Ctlkoqna

Qaciajp Behqpekj Ctlkoqna
&/-`ehqpekj' Reia &`]uo'

&`]uo'
Nnk`q_p

3 /,1 .,547 .,/4 .,/4 .,/01

4 /,2 .,5/2 .,16 .,32 .,05/

5 /,5 .,366 .,01 .,55 .,/13

6 0,1 .,213 .,75 /,52 .,200

7 1,/ .,101 /,7 1,42 .,4/1

/. 3,1 .,/67 .,06 1,70 .,.31

// /7,6 .,.3/ .,.6 2 .,..2

Qlnejc Akj`epekjo &0-/3 pk 1-1/'* Kkkjau > /6 KEB

#Cbbhqajp Ctlkoqna
Aqiqh]pera

CtlkoqnaQaciajp Behqpekj Ctlkoqna
&/-`ehqpekj' Reia &`]uo' &`]uo'

Nnk`q_p

3 /,2 .,5/2 .,/7 .,/7 .,/14

4 /,4 .,403 .,25 .,44 .,072

5 0 .,3.. .,06 .,72 .,/2.

6 0,5 .,15. /,0 0,/2 .,222

7 1,5 .,05. /,64 2 .,3.1

Qlnejc Akj`epekjo &0-/3 pk 1-1/'* Kkkjau > 02 KEB

#Cbbhqajp Ctlkoqna
Aqiqh]pera

Ctlkoqna
Qaciajp Behqpekj Ctlkoqna

&/-`ehqpekj' Reia &`]uo'
&`]uo'

Nnk`q_p

3 /,1 .,547 .,/4 .,/4 .,/01

4 /,2 .,5/2 .,16 .,32 .,05/

5 /,5 .,366 .,01 .,55 .,/13

6 0,1 .,213 .,75 /,52 .,200

7 1,/ .,101 /,7 1,42 .,4/1

/. 3,1 .,/67 .,06 1,70 .,.31
// /7,6 .,.3/ .,.6 2 .,..2

Cbbhqajp Ctlkoqna

Railan]pqna &`acnaao A'

?iikje] Ba_]u

?iikje] Ctlkoqna

Behqpekj P]pek

Cbbhqajp Ctlkoqna

Railan]pqna &`acnaao A'

?iikje] Ba_]u

?iikje] Ctlkoqna

Behqpekj P]pek

Cbbhqajp Ctlkoqna

Railan]pqna &`acnaao A'

?iikje] Ba_]u

?iikje] Ctlkoqna
Behqpekj P]pek

Cbbhqajp Ctlkoqna

Railan]pqna &`acnaao A'

?iikje] Ba_]u

?iikje] Ctlkoqna

Behqpekj P]pek



8PZRbZPaX\V aWT :e^]`b_T 8]\RT\a_PaX]\ U]_ P 9_XUaX\V D_VP\X`[ X\ CTPQ`R] 7Pf
(Temperature Data ftom G&H, 2005; Other infonnation is taken directly from G&H, 1997)

:UUZbT\8:e^]`b_T < Ctlkoqna\Nnk`q_p I Aqiqh]pera\Ctlkoqna
6[[]\XPO9TRPf ; .,0 t /,.6 GG &R + 0.' sdana R ; Rail ej `ac A
6[[]\XPO:e^]`b_T w Cbbhqajp\Ctlkoqna t ahh&+?iikje]\Ba_]u ( Aqiqh]pera\Ctlkoqna'
9XZbaX]\OGPaX] ; / I ?iikje]\Ctlkoqna

Enaahau ]j` F]joaj* /775, (La]n Deah` Ketejc ?j]huoeo ]j` ?iikje] Nanieppejc Cr]hq]pekj bkn pda F,J,
Kkkjau U]opas]pan Rna]piajp Nh]jp(

Enaahau ]j` F]joaj* 0..3, (Nnej_a Uehhe]i Akqjpu Qanre_a ?qpdknepu* F,J, Kkkjau U]pan Pa_h]i]pekj D]_ehepu*
TNBCQ Naniep Lk, T?..03/./ * Gj+Qpna]i Kkjepknejc Palknp bkn pda Cr]hq]pekj kb ?iikje] Cbbhqajp
Jeiep]pekjo, (



D]_ehepu ; FJ Kkkjau &/6 KEB'
Adaie_]h < ?iikje] &?ln+M_p'
Adnkje_ ]ran]cejc lanek` ; 1.
UJ?] ; 0.
UJ?_ ; 1,43
O,J, < ,0
' o]ilhao-ik, ; 1.
I o]ilhao-sg, ; 6

' k^oanr]pekjo ; /
Ctla_pa` T]hqa ; 7
T]ne]j_a ; 07,/4
B-s- < /-5
75pd lan_ajpeha `]ehu r]hqao ; 0/,7..5
75pd lan_ajpeha 2 `]u ]ran]ca ; /2,752/
75pd lan_ajpeha 1. `]u ]ran]ca; /.,6322
' : O,J, ; .
Kk`ah qoa` ; @NH ?ooqilpekjo* pula 0 `]p]

? heiep eo jaa`a` ^]oa` kj Adnkje_ Rkte_epu
K]teiqi B]ehu Jeiep ; 5,14227362.74731
?ran]ca Uaaghu heiep ; 2,170737002022.6
?ran]ca Kkjpdhu Jeiep ; 1,43



D]_ehepu ; :< Kkkjau &02 KEB'
Adaie_]h ; ?iikje] &?ln+M_p'
Adnkje_ ]ran]cejc lanek` ; 1.
UJ?] ; /6
UJ?_ ; 1,2
O,J, < ,0
' o]ilhao-ik, ; 1.
' o]ilhao-sg, ; 6

' k^oanr]pekjo ; /
Ctla_pa` T]hqa ; 7
T]ne]j_a ; 07,/4
B-s- ; /-5
75pd lan_ajpeha `]ehu r]hqao ; 0/,7..5
75pd lan_ajpeha 2 `]u ]ran]ca ; /2,752/
75pd lan_ajpeha 1. `]u ]ran]ca; /.,6322
' ; O,J, ; .
Kk`ah qoa` ; 7E? ?ooqilpekjo* pula 0 `]p]

? heiep eo jaa`a` ^]oa` kj Adnkje_ Rkte_epu
K]teiqi B]ehu Jeiep ; 4,64..561/54/324
?ran]ca Uaaghu heiep ; 2,.70.5/4.4/23/5
?ran]ca Kkjpdhu Jeiep ; 1,2



D]_ehepu ; =A Kkkjau /6 KEB
Adaie_]h ; ?iikje] &Lkr+H]j'
Adnkje_ ]ran]cejc lanek` ; 1.
UJ?] ; 10
UJ?_ ; //,4
O,J, ; ,0
' o]ilhao-ik, ; 1.
' o]ilhao-sg, ; 6

' k^oanr]pekjo ; /
Ctla_pa` T]hqa ; 7
T]ne]j_a ; 07,/4
B-s- < /-5
75pd lan_ajpeha `]ehu r]hqao ; 0/,7..5
75pd lan_ajpeha 2 `]u ]ran]ca ; /2,752/
75pd lan_ajpeha 1. `]u ]ran]ca; /.,6322
' : O,J, < .
Kk`ah qoa` ; 7E? ?ooqilpekjo* pula 0 `]p]



D]_ehepu ; FJ Kkkjau 02 KEB
Adaie_]h ; ?iikje] &Lkr+H]j'
Adnkje_ ]ran]cejc lanek` ; 1.
UJ?] ; 10
UJ?_ ; /.,7
O,J, < ,0
' o]ilhao-ik, ; 1.
' o]ilhao-sg, ; 6

' k^oanr]pekjo ; /
Ctla_pa` T]hqa ; 7
T]ne]j_a ; 07,/4
B-s- < /-5
75pd lan_ajpeha `]ehu r]hqao ; 0/,7..5
75pd lan_ajpeha 2 `]u ]ran]ca ; /2,752/
75pd lan_ajpeha 1. `]u ]ran]ca; /.,6322
' : O,J, < .
Kk`ah qoa` ; @NH ?ooqilpekjo* pula 0 `]p]



NSPNMQC MD LMRGAC8 Rk oaag lq^he_ _kiiajp kj ] `n]bp laniep bnki pda Bal]npiajp kb Cjrenkjiajp]h Oq]hepu
pd]p sehh ]hhks pda naha]oa kb pna]pa` s]opas]pan ejpk ] s]pan ^k`u ej Nnej_a Uehhe]i Akqjpu* Tenceje],

NCPKGR L?KC8 Tenceje] Nkhhqp]jp Beo_d]nca Cheiej]pekj Quopai Naniep + YU]opas]pan[ eooqa` ^u BCO* qj`an pda
]qpdknepu kb pda Qp]pa U]pan Akjpnkh @k]n`

?NNJGA?LR L?KC* ?BBPCQQ ?LB NCPKGR LSK@CP8 NPGLAC UehJG?K AMSLRW QCPTGAC ?SRFMPGRW* NM
@MV 0044* UMMB@PGBEC* T? 00/73* T?..03/./

L?KC ?LB ?BBPCQQ MD D?AGJGRW8 Fh Kkkjau U]pan Pa_h]i]pekj D]_ehepu* /63/ Pellkj @hr`* Ukk`^ne`ca* T?
00/7/

NPMHCAR BCQAPGNRGML8 Nnej_a Uehhe]i Akqjpu Qanre_a ?qpdknepu d]o ]llhea` bkn ] naeooq]j_a kb ] laniep bkn pda
lq^he_ Fh Kkkjau U]pan Pa_h]i]pekj D]_ehepu, Rda ]llhe_]jp lnklkoao pk naha]oa pna]pa` oas]ca s]opas]pano bnki
naoe`ajpe]h ]na]o ]p ] n]pa kb /6 iehhekj c]hhkjo lan `]u ejpk ] s]pan ^k`u sepd ] bqpqna bhks pean kb 02 iehhekj c]hhkjo
lan `]u, Qhq`ca bnki pda pna]piajp lnk_aoo sehh ^a ej_ejan]pa`, Rda b]_ehepu lnklkoao pk naha]oa pda pna]pa` oas]ca ej
pda La]^o_k Anaag ej Nnej_a Uehhe]i Akqjpu ej pda Nkpki]_ Peran s]panoda`, ? s]panoda` eo pda h]j` ]na] `n]eja`
^u ] neran ]j` epo ej_kiejc opna]io, Rda laniep sehh heiep pda bkhhksejc lkhhqp]jpo pk ]ikqjpo pd]p lnkpa_p s]pan mq]hepu8
lF* _@MB* RQQ* ?iikje] ]o Lepnkcaj* Rkp]h Lepnkcaj* Rkp]h Ndkoldknqo* Beookhra` Mtucaj ]j` C, _khe

Rdeo b]_ehepu eo oq^fa_p pk pda namqenaiajpo kb 7 T?A 03+60. ]j` d]o naceopana` bkn _kran]ca qj`an pda Eajan]h
TNBCQ U]panoda` Naniep Pacqh]pekj bkn Rkp]h Lepnkcaj ]j` Rkp]h Ndkoldknqo Beo_d]ncao ]j` Lqpneajp Rn]`ejc ej
pda Adao]la]ga U]panoda` ej Tenceje],

FMU RM AMKKCLR ?LB-MP PCOSCQR ? NS@JGA FC?PGLE8 BCO ]__alpo _kiiajpo ]j` namqaopo bkn lq^he_
da]nejc ^ua+i]eh* b]t kn lkop]h i]eh, ?hh _kiiajpo ]j` namqaopo iqop ^a ej snepejc ]j` ^a na_aera` ^u BCO `qnejc
pda _kiiajp lanek`, Qq^iepp]ho iqop ej_hq`a pda j]iao* i]ehejc ]``naooao ]j` pahaldkja jqi^ano kb pda
_kiiajpan-namqaopan ]j` kb ]hh lanokjo nalnaoajpa` ^u pda _kiiajpan-namqaopan, ? namqaop bkn lq^he_ da]nejc iqop
]hok ej_hq`a8 /' Rda na]okj sdu ] lq^he_ da]nejc eo namqaopa`, 0' ? ^neab* ejbkni]h op]paiajp nac]n`ejc pda j]pqna ]j`
atpajp kb pda ejpanaop kb pda namqaopan kn kb pdkoa nalnaoajpa` ^u pda namqaopkn* ej_hq`ejc dks ]j` pk sd]p atpajp oq_d
ejpanaop skqh` ^a `ena_phu ]j` ]`ranoahu ]bba_pa` ^u pda laniep, 1' Qla_ebe_ nabanaj_ao* sdana lkooe^ha* pk panio ]j`
_kj`epekjo kb pda laniep sepd oqccaopa` nareoekjo, BCO i]u dkh` ] lq^he_ da]nejc* ej_hq`ejc ]jkpdan _kiiajp lanek`*
eb lq^he_ naolkjoa eo oecjebe_]jp ]j` pdana ]na oq^op]jpe]h* `eolqpa` eooqao nahar]jp pk pda laniep,

AMLR?AR DMP NS@JGA AMKKCLRQ* BMASKCLR PCOSCQRQ ?LB ?BBGRGML?J GLDMPK?RGML8 Rda lq^he_
i]u nareas pda `k_qiajpo ]p pda BCO+Lknpdanj Pacekj]h Mbbe_a ^u ]llkejpiajp,
L]ia8 ?heokj Rdkilokj
?``naoo8 BCO+Lknpdanj Pacekj]h Mbbe_a* /17./ Anksj Akqnp* Ukk`^ne`ca* T? 00/71
Ndkja8 &5.1' 361+1612 C+i]eh8 ]hpdkilokj>`am,renceje],ckr D]t8 &5.1' 361+160/

mailto:althompson@deq.virginia.gov


State "Transmittal Checklist" to Assist in Targeting
Municipal and Industrial Individual NPDES Draft Permits (or Review

Hk ^``loa^k`b tfqe qeb LN@ bpq^_ifpeba _bqtbbk qeb Bljjlktb^iqe lc Ufodfkf^ ^ka qeb Tkfqba Rq^qbp Dksfolkjbkq^i
Oolqb`qflk @dbk`vp Qbdflk HHHpqeb Bljjlktb^iqe pr_jfqp qeb cliiltfkd ao^cq M^qflk^i Oliirq^kq Cfp`e^odb Difjfk^qflk Rvpqbj
XMOCDRa mbojfq clo @dbk`v obsfbt ^ka `lk`roobk`b-

E^`fifqv M^jb9
MOCDR Obojfq Mrj_bo9
Obojfq Vofqbo M^jb9
C^qb9

G-K- Lllkbv V^qbo Qb`i^j^qflk E^`fifqv
U@//140/0
@ifplk Seljmplk
I^kr^ov 04p1//8

i@- Co^cq Obojfq O^`h^db Rr_jfqq^i Hk`irabp9 Xbp Ml M.@
0- Obojfq @mmif`^qflk> V
1- Bljmibqb Co^cq Obojfq Xcloobkbt^i lo cfopq qfjb mbojfq , bkqfob mbojfqp fk`irafkd _lfibomi^qb

Vfkcloj^qflka>
2- Blmv lc Or_if` Mlqf`b> V
3- Bljmibqb E^`q Rebbq> V
4- @ Ooflofqv Oliirq^kq R`obbkfkd ql abqbojfkb m^o^jbqbop lc `lk`bok> V
5- @ Qb^plk^_ib Olqbkqf^i ^k^ivpfp peltfkd `^i`ri^qba VPADKp> V
6- Cfpplisba Nuvdbk `^i`ri^qflkp> V
7- Velib Dccirbkq Sluf`fqv Sbpq prjj^ov ^ka ^k^ivpfp> V
8- Obojfq Q^qfkd Rebbq clo kbt lo jlafcfba fkarpqof^i c^`fifqfbp> V

iA- Obojfq.E^`fifqv Be^o^`qbofpqf`p Xbp Ml M.@
0- Hp qefp ^ kbtp lo `roobkqiv rkmbojfqqba c^`fifqv> V
1- @ob ^ii mbojfppf_ib lrqc^iip Xfk`irafkd `lj_fkba pbtbo lsbocilt mlfkqpp klk,mol`bpp t^qbo ^ka

Vpqloj t^qboa colj qeb c^`fifqv molmboiv fabkqfcfba ^ka ^rqelofwba fk qeb mbojfq>
2- Clbp qeb c^`q pebbq lo mbojfq `lkq^fk ^ abp`ofmqflk lc qeb t^pqbt^qbo qob^qjbkq mol`bpp> V
3- Clbp qeb obsfbt lcOBR.CLQ a^q^ clo ^q ib^pq qeb i^pq 2 vb^op fkaf`^qb pfdkfcf`^kq klk,

`ljmif^k`b tfqe qeb bufpqfkd mbojfq>
4- G^p qebob _bbk ^kv `e^kdb fk pqob^jcilt `e^o^`qbofpqf`p pfk`b qeb i^pq mbojfq t^p absbilmba> V
5- Clbp qeb mbojfq ^iilt qeb afp`e^odb lc kbt lo fk`ob^pba il^afkdp lc ^kv mliirq^kqp> V
6- Clbp qeb c^`q pebbq lo mbojfq molsfab ^ abp`ofmqflk lc qeb ob`bfsfkd t^qbo _lavXpaql tef`e qeb

c^`fifqv afp`e^odbpp fk`irafkd fkcloj^qflk lk ilt.`ofqf`^i cilt `lkafqflkp ^ka V
abpfdk^qba.bufpqfkd rpbp>

7- Clbp qeb c^`fifqv afp`e^odb ql ^ 2/2Xaaifpqba t^qbo> V
^- G^p ^ SLCK _bbk absbilmba ^ka ^mmolsba _v DO@ clo qeb fjm^foba t^qbo> V
_- Clbp qeb ob`loa fkaf`^qb qe^q qeb SLCK absbilmjbkq fp lk qeb Rq^qb moflofqv ifpq ^ka tfii

Vjlpq ifhbiv _b absbilmba tfqefk qeb ifcb lc qeb mbojfq>
`- Clbp qeb c^`fifqv afp`e^odb ^ mliirq^kq lc `lk`bok fabkqfcfba fk qeb SLCK lo

V2/2Xaaifpqba t^qbo>
8- G^sb ^kv ifjfqp _bbk objlsbap lo ^ob ^kv ifjfqp ibpp pqofkdbkqp qe^k qelpb fk qeb `roobkq mbojfq>

VSlq^i Qbpfar^i Beilofkb
0/- Clbp qeb mbojfq ^rqelofwb afp`e^odbp lc pqloj t^qbo> V



G G*

<4J @MYTQ[M8IKQSQ[` 5PIYIK[MYQZ[QKZ I KVU[J HMZ G >V M.@
00- G^p qeb c^`fifqv pr_pq^kqf^iiv bki^odba lo ^iqboba fqp lmbo^qflk lo pr_pq^kqf^iiv fk`ob^pba fqp cilt G Vlo molar`qflk> G

G

01- @ob qebob ^kv molar`qflk,_^pbap qb`eklildv,_^pba bccirbkq ifjfqp fk qeb mbojfq> V
02- Cl ^kv t^qbo nr^ifqv,_^pba bccirbkq ifjfq `^i`ri^qflkp afccbo colj qeb Rq^qbIp pq^ka^oa mlif`fbp

Vlo mol`barobp>
03- @ob ^kv VPADKp _^pba lk ^k fkqbomobq^qflk lc k^oo^qfsb `ofqbof^> V
04- Clbp qeb mbojfq fk`lomlo^qb ^kv s^of^k`bp lo lqebo bu`bmqflkp ql qeb Rq^qbIp pq^ka^oap lo

Vobdri^qflkp>
05- Clbp qeb mbojfq `lkq^fk ^ `ljmif^k`b p`ebarib clo ^kv ifjfq lo `lkafqflk> V
06- Hp qebob ^ mlqbkqf^i fjm^`q ql bka^kdboba.qeob^qbkba pmb`fbp lo qebfo e^_fq^q _v qeb c^`fifqvIp

Vafp`e^odbXpa>
07- G^sb fjm^`qp colj qeb afp`e^odbXpa ^q altkpqob^j mlq^_ib t^qbo prmmifbp _bbk bs^ir^qba> V
08- Hp qebob ^kv fkaf`^qflk qe^q qebob fp pfdkfcf`^kq mr_if` fkqbobpq fk qeb mbojfq ^`qflk molmlpba clo

Vqefp c^`fifqv>
1/- G^sb mobsflrp mbojfqp ^mmif`^qflkp ^ka c^`q pebbq _bbk bu^jfkba> V



Qbdflk HHH MONDR Obojfq Pr^ifqv Beb`hifpq , clo ONSVp
(To be completed and included in the record only/or POTWs)

HH-@- Obojfq Blsbo O^db.@ajfkfpqo^qflk
0- Clbp qeb c^`q pebbq lo mbojfq abp`of_b qeb mevpf`^i il`^qflk lc qeb c^`fifqvp fk`irafkd i^qfqrab ^ka

Hlk fqrab Xklqkb`bpp^ofi lk bojfq `lsbo ^ ba>
1- Clbp qeb mbojfq `lkq^fk pmb`fcf` ^rqelofw^qflk,ql,afp`e^odb fkcloj^qflk Xcoljtebob ql tebobp

_ telja>

HH-A- Dccirbkq Kfjfqp , Fbkbo^i Dibjbkqp
0- Clbp qeb c^`q pebbq abp`of_b qeb _^pfp lc cfk^i ifjfqp fk qeb mbojfq Xb-d-pqe^q ^ `ljm^ofplk lc

qb`eklildv ^ka t^qbo nr^ifqv,_^pba ifjfqp t^p mboclojbap ^ka qeb jlpq pqofkdbkq ifjfq
pbib`qbaa>

1- Clbp qeb c^`q pebbq afp`rpp tebqebo !^kqf_^`hpifafkd! molsfpflkp tbob jbq clo ^kv ifjfqp qe^q
^ob ibpp pqofk bkq qe^k qelpb fk qeb obsflrp MOCDR bojfq>

HH-B- Sb`eklildv,A^pba Dccirbkq Kfjfqp XONSVpa
H- Clbp qeb mbojfq `lkq^fk krjbof` ifjfqp clo @KK lc qeb cliiltfkd9 ANC Xlo^iqbok^qfsbp b-d-p

BANCp BNCp SNB pSRRp ^ka G>
1- Clbp qeb mbojfq obnrfob ^q ib^pq 749 objls^i clo ANC XloANC ^iqbok^qfsba ^ka SRR Xlo549

clo b rfs^ibkq ql pb`lka^ a `lkpfpqbkq tfqe 3/ BEQ O^oq 022>
^- Hcklp albp qeb ob`loa fkaf`^qb qe^q ^mmif`^qflk lcVPADKpp lo pljb lqebo jb^kpp obpriqp fk

jlob pqofkdbkq obnrfobjbkqp qe^k 749 objls^i lo qe^q ^k bu`bmqflk `lkpfpqbkq tfqe 3/ BEQ
022-0/2 e^p _bbk ^ olsba>

2- @ob qb`eklildv,_^pba mbojfq ifjfqp bumobppba fk qeb ^mmolmof^qb rkfqp lc jb^prob Xb-d-p
`lk`bkqo^qflkp j^ppp RT >

3- @ob mbojfq ifjfqp clo ANC ^ka SRR bumobppba fk qbojp lc _lqe ilkd qboj Xb-d-p̂ sbo^db
jlkqei ^ka peloq qboj Xb- -p^sbo^ b tbbhH a ifjfqp>

4- @ob ^kv `lk`bkqo^qflk ifjfq^qflkp fk qeb mbojfq ibpp pqofkdbkq qe^k qeb pb`lka^ov qob^qjbkq
obnrfobjbkqp X2/jdii ANCR ^ka SRR clo ^ 2C,a^v ^sbo^db ^ka 34 jd.H ANCR ^ka SRR clo ^
6,a^ ^sbo^ b >
^- Hc vbpp albp qeb ob`loa molsfab ^ grpqfcf`^qflk Xb-d-pt^pqb pq^_fifw^qflk mlkap qof`hifkd cfiqbop

bq`-a clo qeb ^iqbok^qb ifjfq^qflkp>

00-/- V^qbo Pr^ifqv,A^pba Dccirbkq Kfjfqp
H- Clbp qeb mbojfq fk`irab ^mmolmof^qb ifjfq^qflkp `lkpfpqbkq tfqe 3/ BEQ 011-33Xaa`lsbofkd

Rq^qb k^oo^qfsb ^ka krjbof` `ofqbof^ clo t^qbo r^if >
1- Clbp qeb c^`q pebbq fkaf`^qb qe^q ^kv VPADKp tbob abofsba colj ^ `ljmibqba ^ka DO@

^ olsba SLCK>
2- Clbp qeb c^`q pebbq molsfab bccirbkq `e^o^`qbofpqf`p clo b^`e lrqc^ii>
3- Clbp qeb c^`q pebbq al`rjbkq qe^q ^ !ob^plk^_ib mlqbkqf^i! bs^ir^qflk t^p mboclojba>

^- Hc vbpp albp qeb c^`q pebbq fkaf`^qb qe^q qeb !ob^plk^_ib mlqbkqf^i! bs^ir^qflk t^p mboclojba
fk ^``loa^k`b tfqe qeb Rq^qbIp ^ olsba ol`barobp>

_- Clbp qeb c^`q pebbq abp`of_b qeb _^pfp clo ^iiltfkd lo afp^iiltfkd fk,pqob^j afirqflk lo ^
jfufk wlkb>

`- Clbp qeb c^`q pebbq mobpbkq VK@ `^i`ri^qflk mol`barobp clo ^ii mliirq^kqp qe^q tbob clrka ql
e^sb !ob^plk^_ib lqbkqf^i!>

a- Clbp qeb c^`q pebbq fkaf`^qb qe^q qeb !ob^plk^_ib mlqbkqf^i! ^ka VK@ `^i`ri^qflkp ^``lrkqba
clo `lkqof_rqflkp colj rmpqob^j plro`bp Xf-b-pal `^i`ri^qflkp fk`irab ^j_fbkqf_^`hdolrka
`lk`bkqo^qflkp a>

b- Clbp qeb mbojfq `lkq^fk krjbof` bccirbkq ifjfqp clo ^ii mliirq^kqp clo tef`e !ob^plk^_ib
lqbkqf^i! t^p abqbojfkba>

Xbp Ml M.@

V

V

V
V

V

V

V

V

V



;<6J GI[MY A\ISQ[`I4IZML 7NNS\MU[ <QTQ[Z I KVU[J HMZ >V M.@
4- @ob ^ii cfk^i VPADKp fk qeb mbojfq `lkpfpqbkq tfqe qeb grpqfcf`^qflk ^ka.lo al`rjbkq^qflk !

molsfaba fk qeb c^`q pebbq> V
G

4, Elo ^ii cfk^i VPADKpp ^ob ANSG ilkd,qboj @MC peloq,qboj bccirbkq ifjfqp bpq^_ifpeba> V b

5, @ob VPADKp bumobppba fk qeb mbojfq rpfkd ^mmolmof^qb rkfqp lc jb^prob Xb-d-pj^ppp
V`lk`bkqo^qflka>

7- Clbp qeb ob`loa fkaf`^qb qe^q ^k !^kqfabdo^a^qflk! obsfbt t^p mboclojba fk ^``loa^k`b tfqe qeb
VRq^qbIp ^mmolsba ^kqfabdo^a^qflk mlif`v>

;<7J =VUQ[VYQUO IUL BMWVY[QUO BMX\QYMTMU[Z
0- Clbp qeb mbojfq obnrfob ^q ib^pq ^kkr^i jlkfqlofkd clo ^ii ifjfqba m^o^jbqbop ^ka lqebo

jlkfqlofk ^p ob rfoba _ Rq^qb ^ka Ebabo^i ob ri^qflkp>
^- Hcklp albp qeb c^`q pebbq fkaf`^qb qe^q qeb c^`fifqv ^mmifba clo ^ka t^p do^kqba ^ jlkfqlofkd

t^fsbop @MCp albp qeb bojfq p b`fcf`^ii fk`l lo^qb qefp t^fsbo>
1- Clbp qeb mbojfq fabkqfcX qeb mevpf`^i il`^qflk tebob jlkfqlofkd fp ql _b mboclojba clo b^`e

lrqc^ii>
2- Clbp qeb mbojfq obnrfob ^q ib^pq ^kkr^i fkcirbkq jlkfqlofkd clo ANC XloANC ^iqbok^qfsba ^ka

SRR ql ^ppbpp `lj if^k`b tfqe ^ if`^_ib bo`bkq objls^i ob rfobjbkqp>
3- Clbp qeb mbojfq obnrfob qbpqfkd clo Velib Dccirbkq Sluf`fqv>

;;J8J CWMKQIS 5VULQ[QVUZ HMZ >V M.@
00- Clbp qeb mbojfq fk`irab ^mmolmof^qb _flplifap rpb.afpmlp^i obnrfobjbkqp> W
01- Clbp qeb mbojfq fk`irab ^mmolmof^qb pqloj t^qbo moldo^j obnrfobjbkqp> W

;;J8J CWMKQIS 5VULQ[QVUZ I KVU[J HMZ >V L-?
2- Hc qeb mbojfq `lkq^fkp `ljmif^k`b p`ebaribXpap^ob qebv `lkpfpqbkq tfqe pq^qrqlov ^ka obdri^qlov

Vab^aifkbp ^ka obnrfobjbkqp>
3- @ob lqebo pmb`f^i `lkafqflkp Xb-d-p̂ j_fbkq p^jmifkdp jfufkd pqrafbpp SHD.SQDp ALOpp pmb`f^i

Vpqrafbpa `lkpfpqbkq tfqe BV@ ^ka MOCDR obdri^qflkp>
4- Clbp qeb mbojfq ^iilt.^rqelofwb afp`e^odb lc p^kfq^ov pbt^db colj mlfkqp lqebo qe^k qeb ONSV

Vlrqc^iiXpa lo BRN lrqc^iip Zf-b-p R^kfq^ov Rbtbo Nsbociltp XRRNpalo qob^qjbkq mi^kq _vm^ppbp\>
5- Clbp qeb mbojfq ^rqelofwb afp`e^odbp colj Blj_fkba Rbtbo Nsbociltp XBRNpa> V

^- Clbp qeb mbojfq obnrfob fjmibjbkq^qflk lc qeb !Mfkb Lfkfjrj Blkqolip!> V
_- Clbp qeb mbojfq obnrfob absbilmjbkq ^ka fjmibjbkq^qflk lc ^ !Klkd Sboj Blkqoli Oi^k!> V
`- Clbp qeb mbojfq obnrfob jlkfqlofkd ^ka obmloqfkd clo BRN bsbkqp> V

6- Clbp qeb mbojfq fk`irab ^mmolmof^qb Oobqob^qjbkq Ooldo^j obnrfobjbkqp> V

;<9J C[IULIYL 5VULQ[QVUZ
0- Clbp qeb WMYTQ[ `lkq^fk ^ii 3/ BEQ 011-30 pq^ka^oa `lkafqflkp lo qeb Rq^qb bnrfs^ibkq Xlo

jlob pqofk bkqa `lkafqflkp>
<QZ[ VN C[IULIYL 5VULQ[QVUZ I hT 58B accJha
Crqv ql `ljmiv Oolmboqv ofdeqp
Crqv ql ob^mmiv Crqv ql molsfab fkcloj^qflk
Mbba ql e^iq lo obar`b ^`qfsfqv Hkpmb`qflkp ^ka bkqov

klq ^ abcbkpb Llkfqlofkd ^ka ob`loap
Crqv ql jfqfd^qb Rfdk^qlov obnrfobjbkq
Oolmbo / : L Avm^pp
Obojfq ^`qflkp Tmpbq

Qbmloqfkd Qbnrfobjbkqp
Oi^kkba `e^kdb
@kqf`fm^qba klk`ljmif^k`b
So^kpcbop
Llkfqlofkd obmloqp
Bljmif^k`b p`ebaribp
13,Glro obmloqfkd
Nqebo klk,`ljmif^k`b

1- Clbp qeb mbojfq `lkq^fk qeb ^aafqflk^i pq^ka^oa `lkafqflk Xloqeb Rq^qb bnrfs^ibkq lo jlob
pqofkdbkq `lkafqflkpa clo ONSVp obd^oafkd klqfcf`^qflk lc kbt fkqolar`qflk lc mliirq^kqp ^ka W
kbt fkarpqof^i rpbop Z3/ BEQ 011-31X_a\>



A^pba lk ^ obsfbt lc qeb a^q^ ^ka lqebo fkcloj^qflk pr_jfqqba _v qeb mbojfq ^mmif`^kqp ^ka qeb ao^cq mbojfq ^ka lqebo ^ajfkfpqo^qfsb
ob`loap dbkbo^qba _v qeb Cbm^oqjbkq.Cfsfpflk ^ka.lo j^ab ^s^fi^_ib ql qeb Cbm^oqjbkq.Cfsfpflkp qeb fkcloj^qflk molsfaba lk qefp
`eb`hifpq fp ^``ro^qb ^ka `ljmibqbp ql qeb _bpq lc jv hkltibadb-
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POTOMV -'1BAYMENTS WASTELOAD ALLOCATION -rIjDY
FINAL REPORT, VOLUME I:

. Study Methodology, Water Quality Goals,
, and Loading and Debugging of Computer Models

The initial stages of the Potomac Embayments Wasteload Allocation Study lay
the groundwork for the technical analyses that are performed to develop
recommended effluent limits for point source discharges tQ'seven Virginia
embayments of the Potomac Estuary. First, modeling tools to be used in the
study are obtained and tested. Next, a regionally consistent methodology
for wasteload allocation analysis is developed. Finally, water quality
goals are developed for use as evaluation criteria in screening wasteload
allocation alternatives in. later stages of the study.

Embayment hydrodynamics and water quality models developed by the Virginia
Institute of Marine Science (VIMS) are obtained from VIMS and loaded onto
the mainframe computer system used by NVPDC. The computer codes are
modified as necessary to ensure successful operation on the system. The
!Radel codes are further modified to enhance their capability and, in several
cases, to correct minor errors.

The regionally consistent methodology established for the study defines the
modeling approach and the general procedures for establishing design
conditions, defining water quality goals, performing sensitivity studies,
and completing final wasteload allocation analyses. As part of the
methodology, specific data for computer model application are developed,
including nonpoint loadings, Potomac main stem boundary conditions, and
design values for tidal ranges, streamflows, water temperature, and solar
radiation.

The water quality goals establisned for the study focus primarily on
concentrations of cissolved oxygen and chlorophyll-a. The selected
dissolved oxygen goals are the Virginia state water quality standards of
5.0 rng/L daily average and 4.0 mg/L daily minimum. Chlorophyll-a goals are
developed based on the concept of no further deterioration of existing
conditions, whicn is consistent with the State's antidegradation policy.
Specific chlorophyll-a goals are established for each emnayment, primarily
based on computer model simulations that show the impacts of point source
loadings and Potomac main stem boundary conditions on cnlorophyll-a



1.0 Background
2.0 Study Objective
3.0 Study Area
4.0 Study Scope
5.0 Public Participation in Study
6.0 Format of Final Report
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1.0 Introduction
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REGIONALLY CONSISTENT METHODOLOGY FOR WASTELOAD
ALLOCATION ANALYSIS
1.0 Introduction
2.0 Modeling Approach
3.0 Input Data
4.0 General Procedures
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WATER QUALITY GOALS FOR SCREENING WASTELOAD
ALLOCATION ALTERNATIVES
1.0 Introduction IV-1
2.0 Dissolved Oxygen IY-l
3.0 Eutrophication Management: Chlorophyl'-a IY-3
4.0 Specific Chlorophyll-a Goals for Each Embayment IY-14
5.0 Pollutant Mass Flux from Embayments into Potomac IV-39

Estuary Main Stem

APPENDIX C - Minut9s of Public and Northern Virginia
Embayment Standards Technical Advisory
Committee Meetings



APPENDIX D - Comments on Methodology from the Potomac
Strategy Technical Subcommittee, the
State Water Control Board Staff, and the
Northern Virginia Embayment Standards
Technical Advisory Committee

APPENDIX E - Comments on Goals from the Potomac
Strategy Technical Subcommittee, the
State ~ater Control Board Staff, and the
Northern Virginia Embayment Standards
Technical Advisory Committee

APPENDIX F - Computer Model Source Codes, Sample Input Files, and
Sample Output Files (bound separately)
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POJOMAC cMBAYMENTS WASTELOAD ALLOCATION STUDY
FINAL REPORT, VOLUME III:

Sensitivity Studies and Final Analyses for the
Four Mile Run, Hunting Creek, and Neabsco Creek Embayments

In accordance with the regionally consistent methodology presented in the
Volume I final reDort, NVPDC and COM conduct sensitivity studies and final
anal yses for the Four Mi1e Run, Hunt ing Creek, and Neabsc / Creek
embayments. Modeling tools developed by the Virginia Institute of Marine
Science are used to predict.the embayment water quality impacts of
alternative treatment plant wasteloads. The modeling results are compared
to water auality goals developed and presented in the Volume I final report
to detenni ne appropri ate treatment plant effl uent 1 imi ts.
The sensitivity studies predict the extent to which embayment water aual ity
would be affected by changes in parameters such as treatment plant loading,
Potomac main stem boundary conditions, benthic flux rates, and treatment
plant discharge location. After comparing the modeling results to the
appropriate water quality goals, several different wasteload allocation
alternatives for each embayment are selected for further analysis.
For the alternatives selected in the sensitivity studies, the final
analyses include a comoarison of wastewater treatment costs and of
poll utant exchange between the embayment and the Potomac main stem. In
addition, analyses of seasonal treatment 1 imits for phosphorus and
unoxidized nitrogen are conducted. The analysis of seasonal phosphorus
removal is 1 imi ted by alack of data; as a result, no recolTTnendations are
made regarding the feasibil ity of seasonal phosphorus 1 imits. The analyses
for the Hunting Creek and Four Mile Run embayments incorporate the results
of a recently completed Metropolitan Washington Council of Gov€:nments
study of dissolved oxygen in the upper Potomac Estuary.



Based on the 'sensitivity studies and final analyses, the following effluent
limits for dissolved oxygen (DO), 5-day carbonaceous biochemical oxygen
demand (e8005), total Kjel dahl ni trogen (TKN), and total phosphorus (TP)
are recommended for protection of embayment water quality:

PLANT RECOMMENDED EFFLUENT
FLOW CONCEN1"RATION (mg/l)

EMBA YMENT TREATMENT PLANT (MGD) DO CBODS n IL RN

Four Mile Run Arlington 40.0 6.0 10.0 1.00
Hunt; ng Creek Alexandria 54.0 6-5l 3.0 1.00

-or-
6-5l 10.0 1.0.••.••1.00

Dale City #1 4.0 6.0 10.0
Da1e City #8 2.0 6.0 10.0

-'Mooney y 6.0 10.0

0-//

0-//

*"April 1 through October 31 only; limit of 6.0 mg/L November 1
through March 31

**April 1 through October 31 only; no TKN limit November 1 through
March 31

To protect the main stem of the Potomac Estuary, an interim total
phosphorus limit of 0.18 mg/l is regionally accepted as presented in the
Interim Control Policy of the 1986 Supplement to the Metropolitan
Washington 208 Plan. Therefore, at the present time, the more restrictive
constraint on total phosphorus is the 0.18 mg/l limit for protection of the
~ain stem of the Potomac. As indicated in the 208 Plan Supplement,
long-term Potomac studies now under way will better define the total
phosphorus 1 imits required fer protection of the Potomac main stem.
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Nk _be^ic lc qeb Rbosf`b @rqelofqvp Gqe^kh vlr clo jbbqfkd tfqe rp lk Mlsbj_bo 08p 0886p
ql afp`rpp lro `lk`bokp tfqe qeb Co^cq UOCDR Obojfq- Seb mromlpb lcqefp ibqqbo fp ql al`rjbkq lro
obj^fkfkd `lk`bokp ^ka ql prmmloq lro obnrbpq qe^q qeb mbojfq _b obsfpba-

Vb afp^dobb tfqe qeb ^mmif`^qflk lc qeb 0-4 o^qfl rqfifwba clo qeb tbbhiv ^sbo^db- @iqelrde
qefp bjmfof`^i o^qfl fp kloj^iiv rpba clo ^ tbbhiv pq^ka^oap fq fp _^pba lk ^ jlkqeiv t^qbo nr^ifqv
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Irkb 2/p 0877 X`lmv ^qq^`ebaa- Sebpb pqrafbp pelt qe^q qeb afpplisba luvdbk
pq^ka^oa tfii _b pbq ^q ^jjlkf^ afp`e^odbp lc 1/ jd.H-
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[~ addition to th~ established low flow and high t~per4ture ~si9n
condftions. three other CQndft10ns ire set fo~ the rinal analysis of the
WLA alternatives. They include: Potomac Estuary boundary conditionS.
_bkqef` kru ofqb! bka a~p`ebod5 iNBiqflk-

Changes to the Potomac Estuary boundary chlorophyll.l concentr.tion from
bl ug/L (design condftions) to 100 and 50 ugfL dfd not signiffcantly fmp~ct
tne daily minimum or minimum daily average 00 concentrattons ~1cn occurred
for the ~st p.rt 1n the uppermost se~nts of Neab~o Creek. These
`e^kdbp ehGana ^k^ivwba tfqe qeb Hkqbofj Blkqoli C^`c1flk tfqe ^ka t: qelrq
nftr1ffcatfon. The 80 ug/L chlorophyll-a goal for the downstreaa zone Is
violated only when a Potomec Estuary bo~nd~ry of 100 ~g/L 15 assumed. and
the v.olation occurs regirdless of the totJJ phosphorus effluent con-
centration for the three WWTPs that discha~ge to Neabsco Creek. The
chlorophyll·, go.l af 30 ug/L fn the upstre.m zone 2 is not elce~ed for

the increased boundary condition of 100 ug/L. Therefore. the design
chlorophyll-a boundary concentration of 80 ug/L at the Potomac Estuary is
qoa` for the final analysiS.

7bkqef` c0 ru o^qbp clo HHIjHak0 ^ ^ka RNC tbob ^k^ivwba for ~ 2/ qibo`~kq lc

the cal fbrated ~alue$. The emb4yment response of dissolved oxygen
concentrations was not sensitive to these changes in benthic flux rates and
thus the e,lfbr.ted rates ar@ used fk the final analY5i5.

The sensitfvity of th, emb.~e"t w.t~r quality to dirfe~~t tre.~e"t plant
locatfons •• s performed for the Mooney treatment plant. Different
Il`^q0lkp fo,. qeb /3H0b Bfqv p,K!hpjpajp mi@kqp tbob klq pkpivwba- Seb
.n~lysfs shoved that the upst"e~ discharge location reduced the daily
minimum ind minimum daily Iverlge d;ssolv~ oxygen concentrations below tne
Y41ues at the present dfscn.rge location. At th~ upstre~ 1oc.tion qy

daily ~verage dissolved oxygen standard ~s YiQleted. The m1ni~um



d1sso1~Pd oxygen v.lu.s at th~ dQwnst~eam loc.tion were $1M;1Ir to thf
Yllu~s -q the D~esent dfsch~rg~ lOCltion_ Ther~for •• the ';n.l anall~i~
includes w.steload .llocltfon in~!5tfgat1on5 -q th~ prese"t afyy-o8y

loc~tton for t~ Mooney wast~.4t~r trel~nt pl.nt., *

In summary. th~ 'inal .,tern.t1v1s .re
Estuart boundary condltfon. cali~rlted
present di,ch~rge location_

^kaivwy tfqe qeb abpfdk Olqlj^`
_bkqef`: !ru o^qbp ^ka fq qeb

0- Gjpan9hG%G Blkqoli Cb`fpflk tfqelrq kfqoGf`^qflk XSO; /-07
, GU7-J ', ]j:/

2. Interim Control Oec1sfo~ without nftriffe.tfon with an
abb/ rbkq qlq^i melpmelo!p lc i]y ((7-J+

Alternatives 1 and i are selected cased on the results of the sensitivity
pqrav- Sf_ib 0/,0 m!pbkqp ppF! occ0rbkq `lk`bkqoiqflkp clo qeb q--pVK@
.'ternitives. The alt@rnatives ~nly differ in the total phosphoru,
concentrations which are present~ fy the table as organic pfto~phorus and
lyqelmelpmelorp-

Th~ impact of the two wIst@lold ~l'ocatiO" itt!rn.t1Y~s on tne dissolved
oxygen and chlorop~lt-a 1" t~ ~blyment are pres~nted in Table 10-2. The
stdte's dfsSDlved 0xYgen standeras and the chlorophyl'-. goals e,tablished
.5 pa~t 01 this study Ire met bylboth .'te~natfves. At I dischlrge of 20.0
mgd for MOoney Ind 5.0 Mgd fo~ tr~ qy Date City pla"ts comb1~d, the
m;nfmum daily .~erlge 00 is S.J ~IL Ind the diily M1n1mua 00 is 4.6 mg/L
clo ^kpd -q paxj,p/ |||yp- Rda HkqbG^ Blkqoli Nb`e b lk 11 qbokqq evbp Hob
~odeled xpbp | CBOOS of 10.0 ag/~ • .-.onia of 20.0 ~9/~ and d1ssol~ed
o.Y9~ of 6.0 ~/l_



Sy7K~ 0/,0

E~FLUEHT CONCEHTRArIOWS Nc WLA AL TERNAn vrs

I
G

Dcci u.nt Concentr.t ton &!Gp7-J'
O U02.

WLA Alternat1ves &+,c`' Org: L NHJ LMH Org. O Ortno-P B7//4 00
9

MOONEY, DALE CITY 1 AND 70
&La,p^ o_k Bp-rha

0- Interim Control Cb`fpflk
Without Nitrif;e~t;on
(TP 9N-07jd.Ki

Mooney ZO.O /-/I 20.0 0.0 0.02 /-05 10.0 6.0
Dile City 1 a"d 8 6.0 0.0' 20.0 /-/ 0.02 0.16 0/-/ 6.0

z. Inter;m Control Decision
Without Nit~i';catfon
x pd RN iB /,. nsc-J

Tttoon@y 20.0 0.0' lO.O 0.0 /-0/ 0.90 10.0 6.0
0.1. Cf~y / ^ka 7 6.0 /-/p 20.0 0.0 0.10 0.90 10.0 6.0

n
Vfqe abpfdk Olqlj^` Dpqr^ov _lrka^ov `lkafqflkp- `^i0_oiqba _bkqef` ciru o^qbp ^ka

it e~;st1ng dfsch~rg8 loc.tions.
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Lp?@QAM APCCIWATER QUALITY MOOE~ PROJECTIONS ~OR wLA ALTERKATIVES

.. &iu/'
qiffiaI Lfk-

K/j/iqi Behbhp ?rc,

~HC"
Xkja R
"'~x.

N^i0v @sd-

64X0/a0- Hkqboe- Blkqoli Cbb9fp b lk
Without ~1tr1ftcatfon
I SO IXa-07 tnCJ/l)

z. I"t~~im Control Decision
Without Nitrification .nd
SO9i-/ mg/L

HTyii
kja 0
!Ir-

C^fiv ?rc,

06X4 a

lHumbfrs in parenthesis denote location of constituent concentration _v modelsegnent.



Seb jyf!9k-ij a^If 0aI ^vbI,ydb Beilolmq0vI 0,p `lk`bkqo^qflkp ck qy altkpqorj
to~ 1 lr~ dom;n.ted by the Potomac ~.in $t~ bound.,-y eo~1t;on of go
ug/L. The diffe~~nt alternatfye phospho~u~ concentratfons 1" the plant
d1sch.rge do not ~oy•• $19nt'1c~nt iMpact on the ch'o~phj11-.
concentrations bj tn@ downitre~ reGen.s. For an fncreise 0' total
phosphorus fro~ 0.18 mg/L to 1.0 ~9/L. tne ~~fm~ a-f0c ~ve~'~
ehlorophyll-a of %one 1 incr•• se~ fr~ 75 ug/L to 76 ug/L. These values
pob kahks qeb 6. rd.K `eilolOevii,p go,1 cl! wlkb 0- Hk pbkFp !gapqp-by wlkb
Y- qeb fk`obrb fk qlqii ldkoldknkqo colj -iqbok^qeb jJE%bp^an 0 pk

.ltel""nat1ye numbe~ Z only increises the Maximum di11y .~erage chlorophyl'-.
'rom 17 ug/L ql 19 ug/L. These concentration' 3ob below the 30 u9/~
chlorophyll-a lImit established for zo"e 2.

10.3 POLLUTANT ~LUX TO THE POTOMAC MAIN STEM

Seb !bq c0rubp lc ,-klkep 7// ^ka qlq^i melpmelorp colL qeb bHHl^aFbqiq ql
the Potomac ~.fn st~ are determined for the WLA altern4t1ves. Fo~ e4ch of
qeb tnree `lkpqfqrbkqp S^_ib 0/,2 mobpbkq9 Tib VSy /k]`* qeb kbq kru `qa

to tne ~TP Ind ~he percent of the WWTP load e~pcrted to the Potomac. For
both 11~ern4tfYe5 4bout 90 percent of the WWTP ~nfa load is exported to .
the Potomac m4fn stem, a~d almost SO pe~cent of the WWTP CBOOU load is
expo~ted. For the qy dfFferent totll phosphorus loads (TPaO.18 ~/L bkh((

~ltern.tiye number 1 and TP-l.0 mg/L for alte~n4tlve number Z) the anount
of t~e wwTP load exported to the Potom.c .,;n st~ bx about 45 percent.

10.4 SEASO~L ~rrRIFICATrOH

Under qkb Qxx des19" conditions, nitr;f;~.tfo" -^p ~ot xamqbxa` fo,. the
Mooney end the t.c Dale Cfty wa5tew.te~ treo~nt plants to meet the
Rq^qbIp afpplisba luvdbk pqii[a^oap for Mb-_pbl Creek. Sebobclob- ^k
evalu.t1on of seasonal nitrif1cotfon is not ~qulred.



TABL£ 10-3
LS6QAM APCCIPOTOMAC ~IN STEM FLUX PROJECTIONS FOR WLA ALTER~TIVES

Mbq Ei Tii Obo`bkq lc
VSO Kl-a Bqa ql [MSO VSO Kl^a

Constituent Xjdiq n Xfdw^^va Xh8.a]ia- ql Oly^r`

?jikje || L 08-10 l,egO 0p62/ 91
(Without Nitrfficlt1on)
CaODU 26.21 2,580 0- 11/ 47
(C800S ; 10.0 MG/L)
Slei Phospho,.us 0.19 07 8.4 36
X/-07 ki8.ia

Total Pho sphorus 1.0 cc 40.9 20
Bi-N jdiia

lWWTP hkx` values ref1ect .mmoni. and 900 dec~t for Dale City WWTP's ^ka pdqx are
slightly less tha~ the no~al 20.0 ~/L '0,. ~n;a ]j` 05,. mg!L for CBOOU



The potentfa1 for phosphorus .ccumulat1on ~tnfn the @mbayments during
months when $tri"9~nt treatment st.ndards a~ not f~ppsed 's ev.lu.ted for

-

the ~oney .nd Ol1e C1ty WWTPs. A speciffc ~ethodolo9Y ~4S ~en developed
to cons;der winter accumul.tion dnd s~er release of phosphorus fr~ th~
~nthos for the pOfnt SOurce contributfon only. The overa11 approach
a,s~e5 th4t the WWTP phosphorus which settle$ out durfng the winter ~ontns
's released back into the water colUMn during the S~er months at the S~~
rate. Studfes have shown that phosphorus can accuwulate for several y~~rS
~nd then can be released at a high rate during ~pec1.l conditions. To
predict long term s8ttling and perfod1c release is beyond the scope of th;s
study. Therefore the dally acc~ul~tfon of phosphorus is translited to •
release r.te which fs ~pplied to the lOw flow, high tsnpertture. `aobcj
conditions. The anil1sis is conducted using the ca11brlted model and does
not co"side~ extreme e~ent$ su~h IS anoxic conditions or very low pH which
may rele.se more phosphorus than under norm. 1 eQulllbrtum conditions. The
calIbrated Neabsco Creek model has organic P and ortho·P settlfng ~ites but
does not hive calibrated benthic organic P nor ortho-P release rates.

The design condition for thfs analysfs includes an average i""ual inflow
!^qb for qeb eb^atiqbo ^ka fk`objbqiq^i ciltp arofkd qeb tckqbo qfjb
simulat10~. For this simulation the dfssolved oxygen of the upstream ~nd
Potomac Estuary boundaries is set at 9.2 mg/~, one mg/l less than
$iturat1on at the design temperature of 15 c. The winter time anilys1s
does not include the simulation of ~lgae.

In order to determIne the effect of rela.fng • mo,.e stringent total
phosphorus 411ocation to • less strf"gent concentration 1n the winter
months, t~ westelo.d scen.rios Ire seleeted fo' th. analysis which
includes a TP • 0.18 ~/l and. TP = 1.0 mg/l for the 1"terie COntrol
O~cisjon without nitrtfication. The following .pproach fs conduct~.
First. the T' 2 0.18 eg/L is considered. bJse line case. The effluent
organic p"osphorus and orthophosphorus 104d 'or the TP p 0.18 ~9/l ca~ fs
subtr.,ted fra. the correspo~dfn9 l04ds for the TP ~ 1.0 mg/L case to
d~onstr.te the dfffe~e~t111 lo.d between th@ two efnuent cases. The



total f1u.es of th~ org,"1c P and ortho-P to th~ PotOM~ Estuary ~ne
c.lcul.ted fo~ the two c.\~s and th. dlffer~nces .re cOMputed to produce
qei ac bbxnajp b ^i il^a bumloqba ql qeb ONqy3B Dpqr-yv- Ml-,- qel af cc-o-k`-
of qebpb a0ccy!b!qei 0/-ay Xqp-rqjbkq mi^kq ?cc0iIbp:y ^ka ciriia fp qeb
imount 0' phosphOrus .cc~ul.~d 1ft tne @mb~ent from pbqqifkd due to the
qp-y-qokbkq mi^kq acp`qrodb of 0-/ -d.K !Ibob /-07 !I8.K fp `lkpfaboba pda

_-pb case.

~or the ~o"ey and Dale C1ty WWTPs. the ;ncr~entll organic P a~d ortho-P
are 6,/ gc-` Ind 72.7 kg/d, respectively. The increMental >od-kf` P Ind
o,.tho-P fluAes to the Potom~ art 3.6 Kg/d Ind 38.0 kg/d. respectively.
Therefore, the incr~nt.l phOSPhoru$ accumulatfon is 4.5 ~g/d for organic
l and 3•• 1 ~g/d for ortho-P.

The organfc P ~"d ortho-P .ccURullt10n rates are then applied to the ~del
during the summer t1m~ d~s1g" `lkacqflk tS release ~4tes, The benthic
phosphorus release rates are distributed to ~e4ch'$ Z through 11 in
proportion to the SOO rites ~.ch ire used to indicate the d1stribution of
settled ~onstftuents from the tre_tm_nt pt.nt. diSCharges,

Two cases are consfdered. Fo~ the first, the aceumulated org.nie P ind
ortho-P .re both released separately as 9/.z/d.y in the model. The organfc

. P release rete is 0.003 g/m2/day, ind the ortho-P rele~se rate is 0.023
9/ml/dIY. A maximww average a^fiv chlorophyll·. concentration of 76 ug/L
NBBT! fk qeb altkpqob- ilkb 0- Hk qeb rmpqobfiii qlkb 1p 07 rd:K fp
predfcted to OCcur during the s~r with the additional benthic phosphorus
releases.

ro~ the Second and more conservative Case, the wfnter .ccumulated 0~ln1e l

and ortfto-P Ire rele'Sed IS 111 ortho-P during the summer. The re'ease
rat~ is 0.026 9/m2/day. The ~Iximun d.f'y average chlorophyll •• concen-
trations 1" lone 1 (76 ug/L) and lone Z (18 ug/L) ~re the s.-e ]o tho~e for

the 'fr$t case. These ~'~;M~daily average chlorophyll-t concentrlt1ons
with ~ 'ddft1onal p~spho~us releases ar~ only 1 ug/L greote~ than th~
`eilolmevii ~~ `lk`bkqo^qflk molar`ba tfqklrq qeb b1qfj^qba :k`kqrb-
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10.7 R(CCKMEHO[O WASTtLOAO ALLOCATION

The Stlt~'s dfssolved oxy§en stand.rds ire not predicted to be v;ol't~d fo~
^ B7//R of 0/-/ !800 ^ka `Ik Z,-klkp- `l!`pkqo^q0/k of zO.a !I800-- Sebobcly
the Interi~ Control O.cfsion wfth • CBODS of 10.0 yIi .nd without
nitrffic.t1o" ;s rftcommend.d. A tot,l phosphoru~ ef"uent concentr.tion of
1.0 mvll Is not predicted to yIli-qb the cn'orophyl'-. dl^i of 80 u9/L Hk
Zone 1 and 30 ugll. fn Zone Z.

In order to yq the State's dissolved 0~Yge" stand.rd and the ~b'yM~nt's
chlorophyll-. management go.ls, the ~ecomsended .ffluent 11~1ts for G 20
mgd dfse~.rge for the H.L. Mooney VWTP. a 4 ~d disch,rg~ for the O.'e C1ty
plant '1 and ~ Z M9d discharge for the D.le City pl.nt 18 ire as follo~:

Constftuent
0isso1v@d O~lgen (00)
5-day Carbonaceous Bfochemfc,' Oxygen
k||| j` &A]AMQ'

Slqbi JIbi ape0 Gfqoldb! BSHBMa

Tot.l Phosphorus (TP)

5-/ H^8.K vbio,olrka

10.0 Ng/L yeir-round

No nitriffcation required
0-/ 0H8.il

Within the embayment, the c~lorophyl1-a goals are not predicted to be
sfli^qba for ^k bccirbkq qlq^i melpmelorp `^k`bkqoIiq0lk Nc 0-/ !d.K- Sl
protect the m.1n ste- of the Potomac Estuary. an 1nterf. total phosphorus
limft of 0.18 ~g/L is regfon.lly accepted as presented in the Interim
Akjpnkh Olif`v kb qkb /764 X.6 Nh ]j Qqllh apbpajp &U]od, BNF- /764'* Rdaolb,
fore. at the pre~nt t1~, the mor~ restrictive liMit on total phosphorus
fp qeb .,/6 y.q- for molqb`q b lk lc pdx jifk pqL ONqlb-`- ?o ej`b_8]pa` fk
the 208 Pl,n Suppleatnt, future long.t.~ Potan.c Studies being mutually
u"dertaken _v COG. the stites .nd EPA tfii oetter ~e'fne the tot,t
pftOsphorus llmfts requfred fOr Potomac maf" steM protection.

lSeb bccirbkq if ~~bp fp _^pba lk qeb 10!-ri^qHNq0 of qeb il ~~ kltp Lde,
qbkombo-qrob a-10dk `lkafqflkp- EIrqrob pqrafbp qe^q ys-Ir-qb bcc0rbkq
constr.fnt$ for the ~af" $t~ of qyy Potomac wil I co"sider t~e feJsibillty
ot Sf~54n.,p~sphOrus pemov.l st~ndar'ds.
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Sefp obsfbt `lsbop qeb cfcqe ^kkr^i ^`rqb ^ka `eolkf` qluf`fqv qbpqp `lkar`qba fk @rdrpq 1//7 clo
Nrqc^ii //0- Seb qluf`fqv qbpqp tbob mboclojba lk B- dubia ^ka P. promelas rpfkd 13,elro
`ljmlpfqb p^jmibp lc qeb cfk^i bccirbkq `liib`qba colj qeb lrqc^ii-

Seb obpriqp lc qebpb qluf`fqv qbpqpp ^ilkd tfqe qeb obpriqp lc mobsflrp qluf`fqv qbpqp `lkar`qba pfk`b
0887 lk bccirbkq p^jmibp `liib`qba colj Nrqc^ii //0p ^ob prjj^ofwba fk S^_ib 0-

Seb ^`rqb qluf`fqv lcqeb bccirbkq p^jmib t^p abqbojfkba tfqe ^ pq^qf` 37,elro ^`rqb qluf`fqv qbpq
rpfkd B- duMa ^ka P. promelas ^p qeb qbpq pmb`fbp- Seb ^`rqb qbpq vfbiaba clo _lqe pmb`fbp ^ Ml
N_pbosba @asbopb Dccb`q Blk`bkqo^qflk XMN@DBalc 0//9 bccirbkqp dob^qbo qe^k qeb fkpqob^j
t^pqb `lk`bkqo^qflk XiVBalc 28-069: qerp m^ppfkd qeb ^`rqb qluf`fqv `ofqboflk-

Seb `eolkf` qluf`fqv lc qeb bccirbkq p^jmibp t^p abqbojfkba tfqe ^ pq^qf` a^fiv obkbt^i 2,_olla
prosfs^i ^ka obmolar`qflk qbpq rpfkd B- duMa ^ka ^ pq^qf` a^fiv obkbt^i 6,a^v prosfs^i ^ka
doltqe qbpq rpfkd P. promelas. Seb B- dubia `eolkf` qluf`fqv qbpq vfbiaba ^ Ml N_pbosba Dccb`q
Blk`bkqo^qflk XMNDBalc 0//9 bccirbkqp dob^qbo qe^k qeb HVB lc 28-069: m^ppfkd qeb `eolkf`
qluf`fqv `ofqbof^- Seb P. promelas `eolkf` qbpq vfbiaba ^ MNDB lc 0//9p bnrfs^ibkq ql 0-/ ST`:
m^ppfkd qeb `eolkf` qluf`fqv `ofqboflk-



3841 . pbt^db qob^qjbkq mi^kq
L^fk Hkarpqof^i Blkqof_rqlo.RHB9 M@

DB73D=7>Dt Seb qob^qjbkq c^`fifqfbp `lkpfpq lc p`obbkfkdp dofq objls^ip cilt bnr^ifw^qflkp
mofj^ov `i^ofcf`^qflkp cboof` `eilofab ^ka mlivjbo ^aafqflkp ^`qfs^qba piradb
_flildf`^i qob^qjbkqp cfk^i `i^ofcf`^qflkp do^sfqv cfiqo^qflkp `eilofk^qflk ^ka
ab`eilofk^qflk- Riradb fp do^sfqv qef`hbkbap abt^qboba _v _biq cfiqbo mobppp ^ka
qebk fk`fkbo^qba-

Mb^_p`l Bobbh: Olqlj^` Qfsbo A^pfk ^ka Rr__^pfk:
Rb`qflk 5: Bi^pp HH: Rmb`f^i Rq^ka^oap9 _pMDV,H2:
6PHN9 M@
HVB9 28-069 clo 07 LFC: 30-739 clo 13 LFC

D=@ B7AE;B7=7>DCt Seb mbojfqqbb fp obnrfoba ql `lkar`q ^kkr^i ^`rqb ^ka `eolkf`
qluf`fqv qbpqfkd rpfkd 13,elro `ljmlpfqb p^jmibp lc bccirbkq colj
Nrqc^ii //0- Seb ^`rqb qbpqp pe^ii _b 37,elro pq^qf` qbpqp rpfkd
Ceriodaphnia dubia ^ka Pimephales promelas. Seb `eolkf` qbpqp
pe^ii _b pq^qf` obkbt^i qbpqp rpfkd Ceriodaphnia dubia ^ka
Pimephales promelas.

Seb qbpqp pe^ii _o^`hbq qeb bkamlfkqp9
@`rqb qbpqp9 MN@DB lc 289 lo ST^ < 1-45
Beolkf` qbpqp9 MNDB lc 289 lo ST` < 1-45

4;?<?9;53< D7CD;>9 @7B8?B=76 4Ht D@ Dkdfkbbofkdp R`fbk`b ^ka Sb`eklildvp
Hk`-
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?heokj Rdkilokj* TBCO
B]jeah Q_da_dpan
Hqja 0* 0..7

PC8 6[[]\XP AX[Xa` U]_ =mAmB]]\Tf LG; QP`TS ]\ -++0 l -++1 CTPQ`R] 8_TTY ^= P\S
IT[^T_Pab_T 9PaP

Nha]oa bej` ]pp]_da` kqn ]j]huoeo kb pda La]^o_k Anaag lF ]j` Railan]pqna `]p] bkn pda oqiian lanek`
bkn 0..3+0..4 ]j` _]h_qh]pekjo kb pda ?iikje] heiepo, ?o `eo_qooa`* sa d]ra _ki^eja` pda 0..3 `]p]
oap _khha_pa` ^u NUAQ? ]j` pda 0..4 `]p] oap _khha_pa` ^u TBCO,

Rda 1.+`]u ]ran]ca _dnkje_ ]iikje] _nepane] s]o _]h_qh]pa` qoejc pdnaa iapdk`o &bkns]n` 1. `]uo*
^]_g 1. `]uo* ]j` )-+ /3 `]uo' ]o s]o `kja ej pda lnekn Kkjepknejc Palknp, Rda 7.qe lan_ajpeha kb pda 1.+
`]u ]ran]ca _dnkje_ ]iikje] _nepane] s]o _]h_qh]pa`* ]j` pda ikop opnejcajp kb pda 1 iapdk`o ]^kra
s]o oaha_pa` pk `apanieja pda ]llnklne]pa ejopna]i _nepane] harah, %

?j]huoeo kb pda 0..3 `]p] oap ]j` pda 0..4 `]p] oap ]na odksj ej oal]n]pa _khqijo kb pda ]pp]_da`
olna]`odaap* ]j` pda _ki^eja` `]p] eo odksj ej pda h]op _khqij kb pda olna]`odaap, Rdana s]o ]
`ebbanaj_a ej pda jqi^an kb `]p] lkejpo bkn a]_d `]p] oap, Rda 0..3 oqiian `]p] s]o kj ] 0 dkqn
ejpanr]h sdeha pda 0..4 oqiian `]p] s]o kj ] /3 iejqpa ejpanr]h, Rk _]h_qh]pa ]j ]__qn]pa 7.qe

lan_ajpeha bkn pda 0..3+0..4 lanek`* sa lanbknia` pda bkhhksejc `]p] ]j]huoeo8

/, Rda 1.+`]u ]ran]ca ]iikje] _nepane] sana _]h_qh]pa` bkn a]_d peiaop]il ej 0..3+0..4
qoejc ]hh pda `]p] ]r]eh]^ha,

0, Rda 0..4 `]p] s]o pdaj atpn]_pa` kj ] 0 dkqn ejpanr]h,
1, Rda ]ran]ca* 3.pd lan_ajpeha* ]j` 7.pd lan_ajpeha sana _]h_qh]pa` kj pda _ki^eja` 0..3+

0..4 `]p],

Rda ]j]huoeo naoqhpa` ej ] 7.pd lan_ajpeha _dnkje_ ]iikje] _nepane] &CJQlnaoajp' kb +m14[VtA ]o L,
Soejc pda `ehqpekj b]_pkno odksj ej pda `n]bp laniep kb 3,07 &/6 KEB' ]j` 2,74 &02 KEB' naoqhpo ej ]
ikjpdhu heiep kb .m2[VtA J,3 B<9Y ]j` .m/[VtA J-/ B<9YmSoejc pda QR?RQ,CVClnkcn]i pk _kilqpa
pda saaghu heiep naoqhpo ej saaghu heiepo kb /m/[VtA J,3 B<9Y ]j` /m,[VtA J-/ B<9Ym

Uaaghu Jeiep
/6 KEB 2,2 icfJ ]o L

02 KEB 2,/ ic-J ]o L

B]jeah Q_da_dpan* N,C,
?ook_e]pa
Enaahau ]j` F]joaj



B]p] Qkqn_a bkn Railan]pqna ]j` lF B]p]

0..3 NUAQ? 0..3 NUAQ?)
0..4 TBCO* 7.pd 0..3 NUAQ?* 7.pd B]p]* 7.pd 0..4 TBCO B]p]* 0..4 TBCO B]p]*

lan_ajpeha lF* lan_ajpeha lF ]j` TBCO Bn]bp Naniep lan_ajpeha kb 1. `]u 7.pd lan_ajpeha kb 7.pd lan_ajpeha kb
Rail Rail T]hqao ]ran]ca 1. `]u ]ran]ca 1. `]u ]ran]ca

Adnkje_ ?iikje] Anepane] .,07 .,0/ .,24 .,4/ .,66 .,47

Behqpekj-Ba_]u D]_pkn &/6 KEB' 3,07 3,07 3,07 3,07 3,07 3,07

Behqpekj-Ba_]u D]_pkn &02 KEB' 2,74 2,74 2,74 2,74 2,74 2,74

Kkjpdhu ?iikje] Jeiep &/6 KEB' /,31 /,/0 0,21 1,01 2,44 1,43

Kkjpdhu ?iikje] Jeiep &02 KEB' /,21 /,.3 0,06 1,.1 2,14 1,20

Uaaghu ?iikje] Jeiep &/6 KEB' /,61 /,12 0,70 1,65 3,37 2,16

Uaaghu ?iikje] Jeiep &02 KEB' /,50 /,04 0,52 1,41 3,02 2,//


